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aCtE and auricular, fibrillation as independf.nt 
FACTORS IN auricular MURATj THRO'MBUS 

formation 

■William E. Hay, M.D., and Samuel A. Levil% 15-1.0, 

Boston, Mass. 

A uricular imn-al thrombi l)avc been foimcl in most forms of 
t heart disease, and are known to bo particniavly common in rheu- 
matic heart disease. That their presence or absence 1ms a marked bear- 
ing on the span of life cannot be denied, Weiss and Davi.s’ have .shown 
that rheumatic heart disease, more than any other form, i.s rc.spoii.sible 
for embolic manifestation,s. In this kind of lieart disease tliere are 
several possible factors that play a imrt in their formation, i.e., Ilie 
duration of the rheumatic heart disease, the presence of eonge.slivc fail- 
ure and its duration, the presence of mitral stenosis, auricular fibrilla- 
tion, persistent rheumatic inflammatory activity within the heart, and 
age. . 

Levine and Harvey,* in a study of uninfected mural thrombi, selected 
a group of thirty-one eases in which there was definite evidence of 
auricular filinllation7~udth the idea of showing' the effect of auricular 
fibrillation on the sito^ of thrombus formation. • Ninety per cent of those 
patients had a uricular mural thromb i. In comparing" them 
patients who had regular ihythm and mural thrombi, they found tliat 
only 54 per cent of the latter had'tlirombi in the anviclos. Weiss and 
Davis, ^ in a study of 164 cases of rheumatic heart disease, selected 131 
cases in which the rhythm had been accurately ascertained, Tlmre were 
seyfini^r^foiir patients, or 57 per cent, who had persistent auricular 
■'librillation, paroxysmal fibrillation, or flutter. Tliey found that 88 per 
cent of those with extensive auricular thrombi had auricular fibrillation. 
Uraef, et ah,® in reviewing 178 eases of rheumatic heart disease, found 
twentj^-four, or 13 per cent, in wdiich there were anricnlar tlirombi. 
They concluded that certain conditions favored the development of 
auricul ar thrombi in rheumatic heart disease, among whicli were severe 

^om the Medical Clinic of the Peter Bent BriKham Bo-nUni 
of Medicine, Harvard Medical School, Boston. ^ Hospital and the Department 
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mitral stenosis, congestive lieart failure, auricular fibrillation, and con- 
tinued local inflammation. Likewise Garvin,-' in a study of 11 G cases of 
rlieumatic lieart disease, found that mural thrombi were more common 
among the patients -with auricular fibrillation (43.3 per cent) than 
among those with regular rhythm (IS per cent). lie also has shown 
that in rheumatic heart disea.se mural thrombi are more common in tiie 
older patients. 

All of the above inve.stigalors were of the opinion that auricular 
fibrillation plays a part in the formation of auricular mural thrombi. 
Inasmuch as it will be shown below that jiaticnts with rlieumatic heart 
disease with fibrillation are distinctly oldei- than those with regular 
rhythm, it is clear that all of the above studies need to be reconsidered 
with due control of the age factor. The iiipiortant ciucstion is whether 
patients of the same age, with similar valve lesions, will have a different 
incidence of mural thrombi, depending on M-liether auricular fibrillation 
is present or not. As far as is known, this type of analysis has not 
pre\dously been made. Is there an age factor at all, and, if there is, is 
it large or small? 

Taiu.e I 



NO. OF 
CASES 

NO. 

UKGVhAU 

nilYTIIM 

AV. AGE 
UEGUEAU 

1 

TIinOMltl 

WITH 

REGUI.AU 

nnyriiM 

NO. OF 
CASES OF 
Aur.ici;- 
EAR 

FinRIEEA- 

TION 

AV, AGE 
AURICU- 
LAR 

FlIIRIEEA- 

TlON 

THRO.MllI 

WITH 

AURICU- 

LAR 

FIIIRIEEA- 

TION 

Under 40 years 

75 

45 

25.9 

CO 

CO 

;!o 

20.7 

in 

(33.:!%) 

Over 40 years 

til 

o5 

i .. 

(20.0%) 

70 

5.1.2 

42 

(55.2%) 

Total 

ISO 

SOc^A 

CO 

11 

(13.8%) 

:S5i 

•jo. 7 

52 

(49.0%) 


A study was therefore conducted of the post-mortem records of the 
Peter Bent Brigham Hospital in all cases of mitral stenosis, with or 
without other valvular disca.se (cases of bacterial endocarditis were 
exchided). The data for the following analysis arc summarized in Table 
I. There were 186 eases, in 106 of Avhich, or oT.l ])or cent^. auricular 
fibrillation was present. Bcgular rhythm was present in eighty, or 
42.9 per cent. The average age at death of the patients with regular 
rhythm was 38.7 years, jvherea.s, in the group with auricular fibrillation, 
the a vera ge 7i ge a t flea t h was 4iy.l years. In the grouji with regular 
rhythm there were eighty patients, and eleven, or 13.8 per cent, had 
mural thrombi. In the group with auricular fibrillation there were 106 
cases, in fifty-two, or 49 per cent, of which, mural thrombi were present. 
The above analysis confirms what other authors have shown, i.e., that 
mural thrombi are much more common in fibrillators than in ]iatients 
with regular rhythm. But it also shows that the former are, on the 
averacc, seven yeans older than the latter, and thciefoie had <i longci 
time for the development of mural thrombosis. 
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AtjHlCUIiAit JIUKAL THHOJIUUS 


In order to aecortnin the part that ago played m 
mural thrombi, it «s necetsary to divide the ,.at.ent.s tuto S “Ul-h. 

namely, those, 40 years of ago ‘ ' 

age. In the'group'40 years of age or over, the average age c t 
the Ceases of regular rliythm was 55.3 years. In those of ‘ 

fibrillation the average age at death was 53.2 years. Tlicsc tno ^loi ] . 
are now comparable as far as age is concerned, and differ only in carcliac 
rhythm. There were thirty-five patients with regular rhytlim who were 
40 or more years of age, and seven, or 20 per cent, had mural thrombi. 
In the similar group with auricular fibrillation there were scvcnt>-six 
cases, in forty-two, or 55.2 per cent, of which, mural thrombi were iires- 
ent. From this analysis it follows that auricular fibrillation was con- 
ducive to the development of auricular mural thrombi entirely inde- 


pendent of the age factor. 

In the group under 40 years of age it was found that tlie average 
age at death of those with regular rhythm was 25.9 years, and in those 
with auricular fibrillation it was 26.7 years. In the group with regular 
rhythm there were forty-five eases, in four (8.8 per cent) of which mural 
thrombi were present. In the group ivith auricular filirillation there 
were thirty cases, in ten, or 33.3 per cent, of which, mural thromlii were 
found. Here again it is clear that mural thrombi were four times as 
frequent in the fibrillators as in those with regular rhythm, although 
the ages were the same. 

The role that age plays as a factor independent of the presence or ab- 
sence of auricular fibrillation is well indicated by comparing the occur-' 
renee of thrombi in the older and .younger groups. Amongst those over 
40 years of age the incidence of mural thrombi in the filn-illatoi’s was 
55.2 per cent, and, in those with regular rhythm, it was 20 per cent, 
whereas in the two corresponding groups of patients under 40 years of 
age the incidence was 33.3 per cent and 8.8 per cent, respectivel.v. It 
follows that younger patients, wdiether the cardiac rhythm is regular or 
irregular, are less prone to mural thrombosis. 


CONCLUSIONS 

An analysis was made of 186 cases of mitral stenosis in order to as- 
certain the respective roles that age and auricular fibrillation play in the 
production of auricular mural thrombosis. It was found tliat both the 
advancing age of the patient and the presence of auricular fibrillation 
independently increase the incidence of auricular mural thrombosis in 
cases of mitral stenosis. 




1. Weiss, Soma, and Davis, David: Rheumatic Heart Dicnn^n v i v Ar . 

tions. Am. Heart J. 9: 45 1933 i-ease. Embolic Mamfosta- 

4. G.™, Cu,«. F. Mu,., 



FACTORS INFLUENCING I^OIBDIATE ^MORTALITY AFTER 
ACUTE CORONARY OCCLUSION 

Robert ISl. Woods, M.D., axd Arete R. Barnics, JI.D. 

Rochester, 

'"T^HE problem of prognosis after acute coronary occlusion was given 
its now accepted and universally recognized significance by Her- 
rick,' in U>12, when he showed that acute coronary obstruction is not 
necessarily immediately fatal. Herrick i)i-cdicted at. that time that 
patients who had mild forms of the disease ajid patients who liad gained 
complete fiTnetional recovery probably would be encountered. The 
advance of Icnowlcdge of the prineijdes and the practical application of 
electrocardiography .since that time have greatly facilitated the diag- 
nosis of acute coronary occlusion, as well as the cardiac ii-i-egularities 
which may arise subsequent to acute coronary occlusion. 

Various authors have written concei-ning the factors Avhich may influ- 
ence the prognosis after acute coronary occlusion. Wigger.s- was of 
the opinion that the two most important are the onset of ventricular 
fibrillation and the on.set of failure of the left side of the heart. Blumer^ 
observed that embolism originating in mural throTubi occurred amoiTg 
14 per cent of the patient.s who had myocardial infarcts. Willius^ 
showed that the previous occui-rcnee of coronary occlusion makes the 
prognosis more grave than it would be if the condition were initial. 
BrilP believed that an atypical electrocardiogram is an unfavorable 
progno.stie sign. Strong'’’ stated that Ioav blood pi’essui-e and particu- 
larly low pulse pressure make the prognosis ominous. 


XATURE OF PRESEXT STUDY 


Purpose. — It is the purpo.se of this paper to evaluate the factors 
which are present in, or arise sub.sequent to, acute coronary occlusion, 
and lead to death either during the acute attack itself or during the 
first six weeks after the occurrence of the occlusion. 

Material. — One hundred tAvcnty-cight unselecfed patients with acute 
coi’onary occlusion who Avere under our observation Averc chosen lor 
this study. There are included in this study persons Avho died very 
.suddenly, either AAiiile they aa'ci'c engaged in normal actiA'ity or Avhile 
they Avere conA’alescing from some sui’gical pi'ocedure. In such cases !i 
]TOsitiA'e diagnosis of acute coronary occlusion Avas made on the ca idence 


Abridpcniont of submitted by Hr. AA^oods to the bjicultj of the Gr.'iduote 

School of the Unlvcr.«lty of Alinne-sota In partial fuinilmciit of the requirement.^ for 
tiio depree of M.S, In Medicine. 


From the Mayo Clinic, Koche.<=tor, 
Received for publication Oct. 2-3. 1011. 
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found at necropsy. Of these 128 patients, sixty-eight survived the acute 
attack and were still living at the time of this report. The remaining 
sixty patients died within six weeks after the onset of the acute attack. 
In the entire series there were 108 males and twenty females, a ratio 
of 5.4 to 1. 

GENER^VU CONSIDERATIONS 


Incidence of Immediate Mortality . — The incidence of immediate mor- 
tality in the respective age groups is shown in Pig. 1 and Table I. The 
average age for all the patients in the entire series was 55 years; the 
average age of the patients who lived was 51.3 years, as compared with 
an average age of 59.2 years for those who died within the immediate 
period. 



acute coronary 
and the group 


Table I 

Incidence op Immediate Mortality in Eespective Age Groups 


age (years) 

cases 

IMMEDIATE DEATHS 

NO. 

% 

Less than 50 

50 to 59 

60 to 69 

70 and more 

Total 

32 

48 

35 

13 

128 

9 

20 

20 

11 

1 60 1 

28.1 

41.7 

57.1 

84.6 
' 46.9 


Table II 

_I^CE OP IMMEDIATE MORTALITY ACCORDING TO SeN IN TwO Main AgE GrOU 
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In Table IT is shown the ineklcnee of immediate mortality, comimted 
according to .sex in the two main groiiiis: patients who were GO rears 
old or le.ss. and those 61 years old or more. 

Rclaiion.ship of Previous Atiachs of Corommj Ocdusion.—Vvr, o 
show.s the relationship of previous coronary artery disease to the out” 
come in both series of coses. 


39.7% 

40% 


Previous angina 


19.1% 

30% 


Previous infarct 
fexcludino those who had multiple 
occlusions while in hospital) 



5 10 15 ao as 30 35 40 45 

Per cent 

Wi Living ■ Immediate deaths 


Kg'. 2.— Incidence of previou.i (Iisea.<!e of the coronnrv .irtcr.v in hotli .«crio.s of 
patients witli acute coronar.v occIu.<iIon: that i.s, lho.se who .survived the Imincdlnte 
period after the acute attack, and tIio.se who died. 


The Effects of Infarction . — In Table III the incidence of the position 
of the infarct in the respective groups is shown. The position of the 
infarct was ascertained by examination of the hearts at ncero]).sy, or, in 
the ease of those who survived, was inferred from the elect rocardio- 
grapliic changes when they wore .siifficientl.v characteristic to permit 
localization. 

Tabi.k in 


Incidence or Position or iNrAUcr (as Locauzep by the Ei.EcTKOCAnnionKAM 

AND Seen at Necropsy) 


POSITION or 
INrARCT 

r.IVl.VG A.ND DEAD I 

1 ElVJ.Vfi 

1 I.M MEDIATE DEATHS 

NO. 

7e 

1 NO. 

% 

SO. 

% 

Anterior 

02 

48.4 

30 

52.0 

20 

43.3 

Posterior 

52 

40.0 

1 30 

4-t.l 

00 

.30.7 

Unloenlized 

11 

8.5 

i 2 

3 

i) 

15 

Multiple 

3 

2.5 



•■5 . 

0 

Tofnl 

128 

ion 

i O.S 

ion 

00 

100 


In an effort to ascertain the influence which the position of the infarct 
had on the outcome, the patients were groujicd as .shown in Fig. 3. Of 
the sixty-two patients with anterior apical infarction, 42 per cent died 
within the immediate jieriod and the remaining oS per cent survived the 
acute coronary occlusion. Of the fifty-two patients with posloiior ha-sal 
infarction, 42 per cent died within the immediate period and the remain- 
inif 58 per cent survived the acute coronar.'' occlusion. Of the cloven 
patients who had an infarct wliich could not he localized by elcetrocardio- 
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'll) 20 30 40 50 60 70 00 90 100 

Frequency - per cent; 

^ Living ■Ummediatc deaths 

Fig. 3.— The relationship of the °t^o^®posterior \nfarcts'! and eleven un- 

short period. 


0 % 

35.3% 

0 % 

15% 


Pulmonary congestion 
Congestion liver 
Pulmonary infarcts 
Cerebral thrombi 



0 % 

3.3% 


1.5% 

1.7% 


Rupture of heart 

■ 

Vascular occlusion of extremitu 

7771 ^ 


10 


I Living 


15 20 25 

Per cent 
■ Immediate 


30 


deaths 


Fig. 4. — Relative incidence of the important complications among both groups of 
patients; that is, those who survived the immediate period of the acute attack of 
occlusion, and those who died. These complications all occurred within 
the first six weeks (immediate period) after onset of the acute attack of coronary 
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graphic evidence, S2 per cent died Avitliiu tlie immediate period and tlie 
remaining IS per cent survived. Three o£ the 128 patients had multiple 
occlusions while they were under observation in the hospital, and all 
three died within the immediate period, ' 

Complicaiions Afier Coronary Occlms-ma.— Complications which arise 
secondary to acute coronary occlusion influence to a great extent the 
immediate prognosis. Fig. 4 .shows the relative frequency of the im- 
portant complications in each .series of cases. 


17.6% 

51.7% 

11 . 2 % 

^ 3 . 3 % 

2 . 9 % 

6.7% 

2 . 9 % 

S.0% 

5 . 9 % 

11.7% 

1 . 5 % 

5.0% 

4.4% 

1.7% 

0 % 

3 . 3 % 

0 % 

1.7% 

0 % 

1.7% 


Uip. .'). — Incidence of varlou.*: cardiac irrcKularlllcs, a.s dcmon.‘;trated in tiic olcc- 
trocardiopram.s of patients In both proupy in this .serio.s of atfina of iicute coroiiao' 
occlusion. None of thc.se cardiac irrepulnritic.s was known to Inive been jiresent 
in any case prior to tlie acute attack of coronaiy occlii.slon. 


Sinus tach qcapdia 


Vgntnicula r prcma.turc contractions 


Auricular premature contractions 

Nodal premature contractions 

■ 

Inco mplete bundle branch block 


Complete bundle branch block 
Delayed A~V conduction time 


Complete A'V dissociation 

1 

Auricular fibrillation 


Auricular flutter 


I I I I I I 


I I 11 


I t I 


Z 4 6 8 10 12, 14 16 16 20 22 24 26 26 30 52 
% of total in each i^roup 
E]Livin0 ■Immediate deaths 


Cardiac TrrcfjuJarUics . — Wliencvcr possible, clcclroeardiograpliic trac- 
ings were made at intervals, in an efTorl to observe changes which would 
Jiave diagnostic significance and also to lielp dcmon.strale any cardiac 
irregularities wliich might have developed .suh.sequenl to the coronary 
occlusion and acute myocardial infarction. Fig. 5 .shows graphically the 
incidence of the various cardiac irregularities in each gi'oup of this 
series of patients. Tlie significance of the .sinus tachycardia which oc- 
curred ill niueleen of (he patients wlio died iii the immcdiati* jicriod is 
emphasized by the fact that, ultimately, nine ot the.se nineteen patients 
developed myocardial decom]ionsafion from wliich they never recovered; 
in eight of tlic remaining ton paticnl.s, progrc.ssively .serious cardiac 
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o-rn^hvitT developed, and it was assumed that the Icnninal condition 
Z-illation; the remaininv two paiien.s d.ed of pul- 

monary embolism. 


TiVBliE IV 


' ■ — „ ■ 

frequency of j 

extrasystoees I 

NO. OF 

CASES 

J.IVINO 

% 

iir.Au 

% 

Occasional (1 in 21 

3 

100 

0 

cardiac beats) 

i 


0 

Moderately frequent (1 in 




n to i in 20 cardiac 

1 



beats) 

Very frequent (1 in 2 to 1 

17 

17.G 

82.4 

in 10 cardiac beats) 





3 - 19-37 


3-aa-37 


3 -^ 7-37 


I 

II 

III 


II 


III 



acute 'attick 'ofcorZalfSionTlLrrZ^^ ou;'' ven[Hc«Iar tJ^u’fsv.toie’ 1 "" 

fxtrasyslol T o^n >?arch'-'‘7dt- 'Th vent.-Icuk?,' 

were\]siWcf/, T 

of consecutive ventricular exila.systilc.s. ThirpaticTTle/M^^^^^^ 

Judging finm tlie work of Fisbborg,^ Fromel,® j\raliaim,» Lisa ’<> and 
many other obseiwers, we may assume that the occurrence of ventricular 
extrasystoles after acute coronary occlusion is an ominous sign Ven- 
t icular extrasystoles were demonstrated eleetrocardiogivapbically in 11 2 
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per cent of the patients jvlio Jived, and in 2.3.3 per cent of the iiatienl.s 
wJio died within tlie immediate period. In an effort to ascertain furfl.er 
tile sitrnificance of tliese ventricular oxtrasystoles. tJieir relative fre- 
quency was studied. Table IV gives the results. Ventricular jiremature 
contractions were considered to be “occasional” if thev occurred only 
once in every twenty-one boats, or more. Ventricular* premature con- 
traetions ot occasional Irequeney developed in throe pationt.s. and all 
survived. \ entrieular premature contractions were coiisideri’d to be of 
model ate ficquenej if they occurred between once in everv twentv 
beats and once in every eleven beats, Ycntrieular ])remature contrac- 
tions of moderate frequency developed in three patient.s, and none of 
them died. Ventricular iiremature contractions were considered to he 
“very frequent” if they occurred between once in every ten boats and 
once in every two beats. Ventricular premature contractions which 
were considered to be very frequent dcvelo])ed among seventeen tjatients. 
Fourteen of these patients (S2.4 per cent) died and three (17.6 ])er 
cent) survived. 

4 - 14-37 




II 


'iT.h^z 







h'l 




in 





FiK. 7. — Series of electrocardiograni.s made at var.vlns Interv.al.s aft(-r an 
attacK of coronary occlusion; a, on April U. 1TO7. several 

had occurred, the normal heat.s were followed by a series of V 

e.xtra.systoles from multiple foci; h. on April extra 

occurred for each normal heat, as well as frequent .sliort ‘ [..ath of 

sy.stoles from multiple foci; c, on April 2.7, ITOi, several 

the patient, ventricular tach.vcardla was present, with a rate of ->1 hc.it.s per inimu* . 

Fig. 6«, h, c, d, c, and / is a series of electrocardiograms whicii were 
made after acute coronary occlusion in one of the <‘ases in this senes. 
The one (Fig. Go) made March 19, 1937, revealed one ventricular extra- 
systole in every four beats, slight elevalion'of the S-T segment in I- 
and a deprcs.sod S-T .segment in Leads II and 111. In the tracing ( 

6b) made on the next day, definite inver-siou of the T wav<! in Lead J 
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appoavod, l.ut only oi)c vcDlncular exlrasyslolc was 

record. The elect roeavdio-ram (F.fr. l.c) made Mauh . • , • 

that the ventricular c.Ktrasy.slole.s had hocoinc \ 01 > uMiu i < • • . 

were occurring once in every live heats. The ventricular exlra.sy.sio les 
were still I'rcqucui on ^larch 24 (Fig. lid), hut were eoinpletely ai»enl 
in the tracing (Fig. He) made March 27, li):i7. Freciuont extrasy.sh.le.s 
and .short runs of ventricular tachycardia were i»resent in t hi- 1 racing 
(Fig. C/) made )tlarch 2S), ItKlT. The patient <lied :March df). l!>dr. pos- 
sihiy from ventricular lihrillation. 

Fig. let, h, and c shows the electrocardiograms which were made on 
another of the jiatients who died after an acute attaelc ot coronnr\ occlU' 
sion. The first tracing (Fig. 7«) was made. April M. I!td7. several day.s 
after the cardiac ac(*idcnt had occurred, and it shows that one muuud 
heat was followed hy a .scries of four or live ventricular extra.sy.stoles 
which aiuso from nmlti])le foci. The next day (hig. 7/)) there wa.s one 
ventricular cxtrasystole for every normal heat, as well as fre(|neni. short 
series of exlra.systolcs originating from multiide foci. The electrocardio- 
gram (Fig. 7r) made A]iril 27, 3037, .several hours hefore this jndient 
died, revealed that the very frccinent ventricular eXira.sA'.sloh'S wldeh 
liad 1)0011 present previously liad led to ventricular tachycardia, wifli a 
rale of 254 beats per minulo. It is possiiile that ventricular fihrillation 
supervened and caused the jiat lent ’.s deal li. 

UAtuonomc data 

Since the oI),icct of this paper i.s. as previdusly staled, to evalnatt' (he 
factors wliich influence immediate mortality after acute eoroimry oe- 
elusion it was deemed advisable to a.seerlain the lyjic of patiiologic 
process and the manner in which death occurred in each of the sixty 
patients ivho died within the immediate period. Post-mortem examina- 
tion of forty-eight of these sixty jiatients was carried out, and, in tin- 
case of the remaining twelve who died, all of the faeloi-s which wci-i* 
present were considered in an effort, to ascertain (he exact sminencc of 
the pathologic events wliich caused death. It is to he strc.sscd, tiist, 
that evty patient in this group of sixty Imd acute coronary oeelusioiK 
Table V shows the observations wliiidi were made in this particnluv 
part of the study. Tliirteen of the .sixty jiatients died during the a<-ute 
attack. These patients had very definite acute coronarv nrterv occlusion 
and some of them akso liad acute myocardial infarction. Three of these 
thirteen patients had had an attat-k of coronary oeehision several dav.s 
hefore and died while they were sufTering from a second attack. Since 
nothing else was found at iiecroji.sy to account for death, and since 
hese patients died during an acute aftaek, it .seems ueee.ssarv („ a.ssume 
that some abnormality of the cardiac rhythm w.-is Hie eanse. In (},e litrhf 
f the previous cvKlencc, we believe Unit tlii.s almonnal cardiac nu-elm 
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was found at necropsy except acute coronary occlusion and acute iin-o- 
eardial infarction. Clinically, however, nine of these patients had ev- 
hibited very frequent ventricular premature contractions, and these had 
become progressively more frequent until ventricular tachveardia de- 
veloped among some of them. It is logical to suspect that frequent 
ventricular extrasystoles, ventricular tachycardia, and ventricular tibril- 
lation are likely to be sequential phenomena under these circumstances. 
It is difficult to explain the eairse of the deaths of the remaining ten of 
these nineteen patients, unle.ss some serious cardiac anhythmia is a.s- 
sumed to have been present, such as ventricular fibrillation of the type 
described bj”^ Wiggers. 

Tabi.e V 

Probable Causes of Death ix CO Cases of Acute Coroxary Occlusiox 


Death during tlio acute attack (ventricular fibrillation?) V.\ 

Death after the acute attack (ventricular fibrillation?) 39 

Mj’ocardial decompensation with gradual failure: 

Pulmonar}' congestion 10 

Pulmonary and hepatic congestion r> 

Cerebral thrombosis -1 

Massive fatal pulmonarj' embolism 0 

Rupture of the heart with cardiac tamponade 2 

Complete auriculoventricular dissociation ] 


Evidence of cardiac enlargement in a patient suffering from acute 
coronaty occlusion is believed to be an unfavorable prognostic sign. 
Neerop.sy revealed definite enlargement of fort.y-five of the forty-eight 
hearts which were examined. At the time of necropsj' the estiimitcd 
average normal weight of the forty-eight hearts was calculated to be 
330 Gm. ; actually, their average Aveight tvas 4.96 Gin. One heart iveiglied 
720 Gm., and onlj' three iveighed less than the estimated normal. 

Fifteen of the sixty patients avIio died Avilhin the immediate period 


gave definite evidence, both clinically and pathologically, of severe myo- 
cardial failure after the onset of the acute coronary occlusion and myo- 
cardial infarction. Ten of these patients had marked pulmonary con- 
gestion (Table V). Examination at necropsy revealed marked chronic 
passive congestion of the lungs. The other five patients displayed both 
clinical and pathologic evidence of pulmonary and hepatic congestion 
(Table V). In addition to the pulmonary observations, it Avas noted 
clinically that there Avas rapid and progressive hepatic enlargement, 
Avhich, at necropsy, Avas revealed to be exten.sivo, acute (and, m some 
cases, chronic) passive congestion of the liver. The average Aveight of 
the liA^ers of these five patients Avas 2,400 Gm., as compared with the 
average normal of 1,800 Gm. Tlicse five patients also had extensive 
degrees of infarction of the inteiwentricular septum. 

Cerebral thrombosis, after Avhich the patient, failed rapidly, Avas 
present in four instances and Avas considered to be the cause of dea i 
in each of these eases (Table V). 
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Massive pHlmonary embolism, with extensive 
was noted, and eonsidered to be the cause of dea h, “ ^ 

patients who died within the immediate period (Table ^ ) . Intel cstn g . 
Lough, the site of the thrombus from Avdiich the pulmonary emlioli oiigi- 

nated was not the heart, but one or both iliac vessels. 

Rupture of the heart, mth cardiac tamponade, was demonstralcd at 

necropsy in two patients (Table V). _ 

One patient had complete auriculo ventricular dissociation, and he 
died during an Adams-Stokes attack iviiicli occurred within the immedi- 
ate period after the acute coronary occlusion. 


COMMENT 


Of the factors ivhieh influence the immediate mortality after acute 
coronary occlusion, age is the most important. The incidence of acute 
coronary occlusion in this series ivas greatest among patients wlio were 
55 yeai’s old. However, although 62.5 per cent of the ]28 paticnt.s in 
this series had had acute eoronaiy occlusion liefore the age of CO years, 
the incidence of immediate mortality in this group was only 36.2 per 
cent. The remaining 37.5 per cent of the patients had acute coronary 
occlusion after they had reached the age of 60 years, and the incidence 
of immediate mortality in this particular group was 64.5 per cent. It is 
readily seen that the immediate mortality rate is approximately twice 
as high among patients who are attacked by acute coronary occlusion 
after the age of 60 years as it is among those wlio are attacked before the 
age of 60 years. 

Males in this series predominated by a ratio of 5.4 to 1, but tlic 
incidence of immediate mortality for the males ivas only 41.7 per cent, 
as contrasted to that of 75 per cent for tlie females (Table II). This is 
explained by the fact that 65 per cent of the females in the series were 
60 years of age or older, whereas only 32.5 per cent of the males in the 
entire series were 60 years old or more. 

Another of the important factors Avhich influence the immediate mor- 
tality rate is the onset of myocai’dial failure after acute coronary oc- 
clusion (Table V) . 


Evidence is presented to suggest that ventricular fibrillation, either 
immediate or delayed, probably is another important factor which influ- 
ences immediate mortality after acute coronary occlusion. Wiggers* has 
showm that ventricular fibrillation may occur immediatelj’- during an 
acute attack of coronary occlusion, or its appearance may be delayed 
for a period of several days or Aveeks. Levy” has shown that attacks of 
ventricular fibrillation, terminating in death, have been observed fre- 
quently, and Robinson and Bredeek^^ have added that, once the ventricles 
hbrillate, they rarely recover normal rhythm. Fromet® lias shoA\m that 
ventricular tachycardia is the link Avliich connects ventricular extrasys- 
Wes with ventricular Sbrillation. Numerous other observoK, amou" 
whom are Ltsa, MaeWilHam, and Malmim,.. are of tl,e opinion tLi m 
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acutely damaged myocardium is hyperirriiabic, and that the infareted 
portions may be tiie foci of ectopic beats wliicli,. l)y their summation, 
lead to ventricular fibi’illation. There are certain olrservations wliich 
lead us to assume that this sequence of events occurred in a number of 
the cases in the present series. In thirteen cases sudden cardiac death 
occui-red during the acute attack itself. Such deaths are diffieult to 
explain, except as the result of a disturbance of ihythm, such as ven- 
tricular fibrillation. Nineteen other patients ivho died ivilhin the im- 
mediate period may have died of ventricular fibrillation which was de- 
layed in onset. Nine of these patients had elcctroeardiograjihie evidence 
of very frequent ventricular extra.systole.s, which then rccui-rod with 
increasing frequency. In one ea.se a long ]>eriod of ventifeular tachy- 
cardia occurred, and the patient died a short time later. It is possible 
that shoi't periods of ventricular tachycardia might have been found 
among the remaining eight jiatients if electrocardiograms had been made 
at more frequent intervals. 

The.se observations lead us to believe that ventricular fibrillation is 
fore.shadowed by a certain sequence of events. Specifically, our obser- 
vations suggest that ventricular extrasystoles, when frequent, are very 
likely to be followed by ventricular tachycardia, and not infrequently 
by ventricular fibrillation. 

illassive pulmonary embolism was the immediate cause of death in 10 
per cent of all the patients in this series who died nothin the immediate 
period. The source of these pulmonary emboli was not the heart, but 
the iliac vessels. The convalescent period which follows acute coronary 
occlusion is ideal for the fonnation of iliac thrombi beeau.se of tlie de- 
crease in blood pre.ssure after the acute attack and the complete re.st in 
bed and inactivity of the patient. 

Using the electrocardiogram to localize the position of the infarct, we 
found that the incidence of immediate mortality when antei-ior apical 
and posterior basal infarcts arc present was exactly the same, but. the 
incidence of immediate mortality in the cases in which the position of 
the infarct could not be localized was twice as high as it was in the cases 
in which the electrocardiogram clearly indicated the location of the 
infarct. 

.SU3IAIAKY AND COSChVSJOXS 


One hundred tiventy-eight patients who had acute coronary occlusion 
were studied in an attempt to ascertain the factors which caused sixty 
of the 12S patients to die within a period of six weeks, while the re- 
maining sixty-eight patients .survived the immediate period. 

The average age of all the patients in this series was r,r. years, and 
the average aee of the patients who survived was 51.3 years, as com- 
pared with an average age of 59.2 years for those patients who died 
within the immediate period. The incidence of immediate moifaht% 
among those patients who had acute coronaiy occlusion after the age o 



WOODS AKD BAKKKS: ACUTE COROKARY OCCEUSIOX !•'> 

60 years was approximately twice as Ingli as U'-'-i ‘anmng the patieuts 
who had acute coronary occlusion before the age of 60 j eais. 

In this series the males predominated by a ratio of o.4 to 1, tn^t tic 
incidence of immediate mortality among the males was only 41_i 
cent, as compared with an incidence of immediate morta ity ol lo per 
cent among the females. This is explained by the fact 
who have acute coronary occlusion have it before the age of 60 jeais, 
whereas most women who are afflicted by acute coronary occlusion ha\c 
it after the age of 60 years. The incidence of immediate mortality 
among those patients who had anterior apical infarcts and those who 
had posterior basal infarcts was exactly the same, 42 per cent. If it was 
not possible, however, to localize the position of the infarct by the elec- 
trocardiographic pattern which it produced, the incidence of immediate 
mortality was considerably higher, namely, 81.8 ]icr cent. 

The appearance of ventricular extrasystoles after acute coronary 
occlusion is an unfavorable sign, for these ectopic beats, if they occur 
very often, apparently have a tendency to increase in frequency until 
ventricular tachycardia is produced, and this may be followed, in turn, 
by ventricular fibrillation and death. Once they occur after an acute 
attack of coronary occlusion, these ventricular extrasystoles must be 
considered as ominous signs, for, although they may fluctuate and may 
not be seen in the electrocardiogram at times, nevertheless they do reap- 
pear with even greater frequency than before, and witliin a short time 
may lead to ventricular tachycardia. Electrocardiograms of this se- 
quence of events are presented. Among nine patients in this series, 
ventricular extrasystoles which became inauifest after an acute attack 
of coronary occlusion had been very frequent at tlie onset, and in one 
patient (Fig, 7) tliese ventricular extrasystoles then recuri'ed with in- 
creasing frequency until they precipitated ventricular tachycardia. It 
is suggested that in such cases ventricular fibrillation may have ultimately 
caused death, although its actual existence was never demonstrated. 

Rapid and progiussive myocardial failure immediately followed acute 
coronary occlusion and caused death uithin the immediate period in 
fifteen of the sixty eases. When a large septal infarct is present, as wa.s 
encountered in five of these fifteen patients, myocardial failure become.s 
manifest within a relatively .short period and progresses ^'cry rapidly. 

Massive pulmonary emboli occurred among six of the sixty pati'ent.s 
who died within the immediate period. 
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SKIN temperature CHANGES CAUSED SMOKING 
AND OTHER SYJIPATHOMIMETIC STBIULI 

J. H. AVeathkrby, Ph.D. 

RlGHSfOND, Va. 

W ITHIN relatively recent years there has accumulated an extensi\c 
literature concerning the effects of tobacco on the circulatory 
system. Generally, such phenomena as changes in blood prcs,sure, pulse 
rate, and the behavior of peripheral blood vc.sscls, as^ indicated by 
changes in the temperature of the skin of tbc extremities, have been 
taken as qualitative and quantitative criteria of the nature of the.se 
effects. Agreement among the various investigators is by no means pet- 
feet, particularly with respect to changes in skin temperature. Also, 
many investigators seem to have overlooked certain physical and ])hysio- 
logie factors in the production of skin temperature changes wliich may 
be of crucial importance in so far as they cojicerit i 7 T[terprolntion of thc.se 
changes. The purpose of this investigation is threefold: first, to add 
further information, either in confirmation of, or in contradiction to, tliat 
already reported; second, to repoi’t observations not previously men- 
tioned in the literature; and, third, to interpret these data as carefully 
as possible, with due consideration for the pliysical and physiologic en- 
vironment in which the experiments were conducted. iMast of the very 
extensive bibliography on the suRiect is omitted for the purpose of con- 
serving space. 

THE PROBLEM 


After observing changes in tlie temperature of the skin of file ex- 
tremities, particularly of the magnitude often reported for the toes (oc- 
casionally as much as 6° to C.), it is not surprising that deleterious 
changes in tissues should be ascribed to them. Does not a single cigarette 
cause vasoconstriction which persists for almost' an hour? And if a 
person smokes at intervals of forty-five minutes or an hour, would not 
the peripheral \mssels remain in a constricted condition throughout 
virtually the entire waking period? If this is true, how can the tissues 
of the hands and feet escape injury such as is seen in thromboangiitis 
obliterans? Here, as in any other examples of inductive reasoning, the 
ruth and accuracy of the conclusion obviously depend on the truth and 
accuracy of the premises on which it is based. In this connection it 
m^e weH to ask several additional ciuestions. Arc the conditions 
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under wliieh temperalure measurements are made in tlie laboratorv or 
hospital comparalilc to those Avhieli exist, wliile the sulijcet is engaged 
in his usual, daily activities? If vasoconstriction occurs routinely after 
smoking, is it, sufficiently intense to interfere seriously vitli vital process- 
es in the tissues involved? Are people in general subject to other vaso- 
constrictor influences -whieh are comparable in frequency and magnitude 
to smoking? The proper evaluation of the vasoconstriction produced 
by smoking as an etiologie or influencing factor in peripheral vascular 
diseases must depend in a large measure on the answers to these ques- 
tions. Also, the value of skin temperature measurements as a diagnostic 
aid, and in following the course of such diseases, depends on a full 
understanding of the factors involved in the regulation of the tempera- 
ture of the skin of the extremities. 

It is oliA'ious that the conditions under which one lives and docs his 
habitual smoking are not comparable to those which generally exist when 
skin temperature studies are being made in the laboratory. Some in- 
vestigators, recognizing the nece.ssity for con'trolling all factors and 
conditions as completely as possible, have conducted their experiments 
during the morning hours, with their subjects in the basal metabolic 
state. This practice assures greater uniformity in the metabolic 
activities of their various subjects, but it mu.st be admitted that in the 
ordinary course of events the frequency nith which anybody smokos 
with his body in the basal slate is exceedingly limited. 

Practically no information has been found in the literature concerning 
the que.stion whether or not the intensity of the vasoconstriction, as 
indicated by a fall in temperature, is .sufficient to interfo’c with normal 
processes in the tissues involved. This question, among olhcns, apiicam 
to be an.swered, at least in part, by experiments to be described later. 


The third que.stion, concerning other vasoconstrictor influences to 
which people in general are subjected during the ordinary course of 
events, has already been answered in part. Smithwicld reports a de- 
crease in blood flow through the finger after a deep breath, immersion of 
the contralateral hand in cold water, a loud noise, or an unpleasant 


thought. Similar results are reported by Finesingcr, ITcusner, and 
Smithwick.- iMulinos and ShulmaiP obsci’vcd a decrease in .shin tem- 
peratui’C after a deep breath, .such as the inhalation of tobacco .sinohe, 
and state that the vasoconstriction is exaggci’alcd by an iriitaling oi 
painful stimulus which may accompany or shortly follow tlie fccp 
breath. Also, many inve.stigators comment on the nece.ssity of maintain- 
ing quiet during the course of the tempeisiturc mca.surcmcnts in oh ( i 
that unneee.ssarily great fluctuations in tenqieraturc ma> be ,i\nu c< . 
Although these various types of stimuli undoulitcdly jn-oducc ponphcral 
vasoconstriction and a fall in the skin tempcratuic of flu. (xticmi n.s. 
apparentlv few authors, in reporting such phenomena, have mace a 
clivcct coraparisou lielwcc. the extent o£ the eonslnclmn nlneli they 
produce and tliat caused l>y smohing. In tlic fi.ial analysis, Ihese vanens 
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The group of subjects for tlicse experiments consisted of eiglit Avomcn 
and sixteen men. Four of the Avomen and tAvo of tlie men Avere non- 
smokers. Ail Avere normal, healthy per.sons aa-Iiosc ages varied hetAvoon 
24 and 40 years. With one exception, all AA-ere medical students, in- 
structors, or other laboratory AA'orkers, .so that their participation as 
subjects probably gave rise to minimum p.syehic eha?jges. Generally, 
about four experiments AA'cre pez’formed on each subject, although as 
many as eight or ten AA’ere performed on scA'cral. 

All .subjects AA'ere comfortably clothed, Avith only the face, feet, hands, 
and one arm exposed. With AAmmen subjects the regular clothing A\'as 
supplemented Avith a blanket oA’er the legs to deci’casc heat loss from 
their bare surfaces. Each subject lay on a cot for tAventy to thirty 
minutes before the beginning of obserA-ations, or until the temperature of 
the fingers and toes became relatiA’cly constant at a level aboA'c 30° C. 
All refrained from smoking for one or Iaa'o hours before the experiment. 
Longer periods of abstinence did not seem to alter the results materially. 
As a matter of fact, skin temperatures in the morning, eight to ten 
hours after the last smoke, frequently Avere loAver than those in the after- 
noon, only one hour after the last smoke. Skin temperatures avci'c 
measured by means of a thermopile attached to a suitable galvanometer,* 
These measurements Avere made at five-minute intervals on the dorsal 
and palmar surfaces of the third finger near the distal end, and on the 
dorsal and plantar surfaces of the great toe. Simultaneous records of 
systolic and diastolic blood pre.ssurcs and ])ul.se rate.s Avcrc made. In 
many of the experiments on male subjects, kymographic I'ccords of 
respiratory movements Avere made during the entire ])criod of olrsorva- 
tion by means of apparatus similar to that described by Greene and 
Coggeshall.® 

EXPERIiAtEKTAL RE.SULTS 


Effects of SvioMiig. — Under the conditions described aboA’c, the smok- 
ing of a cigarette (Avith inhalation) by one accustomed to their use re- 
sults in the folloAving ehaJiges: the systolic blood pressure is elevated 
10 to 25 mm. Hg in most subjects, although occasionally, in those avIio 
appear to be hj^persusceptible, it may be more; the diastolic blood pres- 
sui’e is increased to aizproximately the same extent, although in some 
instances the increase is greater in proportion, A\-hich re.suKs in a de- 
creased pulse pressure; the pulse rate is incrca.scd 5 to 20 beats pei^ 
minute, although again in the hypersusccptiblc subject tlie incicase ma\ 
be as much as 30 beats per minute, or even more; the .skin temperature 
of the finger drops 2° to 5° C.; and the skin temperature of he toe 
drops 3° to 7° C. These ehazjges ])er.sist for various periods of lime m 
different subjects, and in the .same subject at difieicnt times, -.sua 
the time required for i-ecovery is roughly jiroiiortional to t u. ” 

of the change, and A'aries from fifteen minutes to as muc i as 

•Tyco.s Dernmtlicrm, nmnuraclureil by the Taylot Inslrum' nt Co. 
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•Sho^ved the greatest rates of change in lenipcralurc. It is intoreslin.^ 
tl,a «e.thor thoo.olioal ™n« fe taod on a ,<.,n„o,-a,.„o chatralw 
smoking, but after some otlier form of stimulation, hhg. 1 shows such 
theoretical cooling curves, constructed from data obtained from tl.o 
palmar surface of the finger and the plantar surface of the toe of one 



Fip. 1. 

subject, as well as actual temperature curves for the same suidaces after 
smoking cigarettes. It follow.s, then, that any curve constrintted from 
observed temperatures which docs not show a rate ot cooling as gic.il 
as the maximum indicates that vasocon.striction Avas not complete, and 
that blood was still flowing through the tissues, although at a reduced 
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rate. Comparison oi’ tlic aclual l.cmperainre curves with the thoovolical 
curves indicates that, maximal vasoeon.slriction may not. occur at all, 
or that it may occur with a duration ol! ten to thirty-five minutes. J hen 
the flow of blood through the tissues is rc-cstahlishcd, or increased it it 
had never been shut off completely, and the temperature curve follows 


a course appreciably above that of the theoretical curve for that, person. 

Effect of High Aimosphenc Tempcrdtnrc on Vasocousinr.iion After 
Smoking . — Since environmental temiieraturos of 28° C., or higlior, were 
found by Shcard, Roth, and Horton'* to cause active vasodilatation, the 


question arises whether or not. this dilatation is sufficient to overcome the 
constrictor influence of smoking. Sev’cral experiments were performed 
with this question in mind. The room temjieraturc was increased to 
29°-30° C. The temperature of the extremities under tho.se conditions 
was increased to 34:°-35° C. for the flngcr.s, and 33°-34° C. for the 
toes. This provided a temiicrainre differential of 4° to 6°, to wliich 
may be added an additional degree or two because of the cooling effect 
of the evaporation of moisture from tlie surface of the skin. That is 
to say, in the event of complete va.soconstriction, the temperature of the, 
skin could have been decreased by as much as 6° or 7°. Actually, under 
these .conditions, the temperature of the finger fell only about one-half 
degree, and that of the great toe, le.ss than one and one-half dcgree.s. 
after smoking. ‘Within ten to fifteen minutes after cessation of smok- 
ing the temperature of both finger and toe was back to the ]n’osmoking 
level. A second cigarette, forty-five minutes after the fn-st, caused no 
greater change than the first. This experiment was performed on two 
habitual smokers, each of whom consi.stcnt.ly .shows a fall of four or five, 
degrees or more when room temperatnre is maintained at 25° C. Tt. 
is evident, therefore, that the positive vasodilator stimulus jirovidcd by a 
room temperature of 29° to 30° C. was sufficient to inhibit, nlmo.st com- 
pletely the vasoconstrictor influence of smoking. Systolic and dia.stolie 
blood pressures and pulse rates were elevated to aj)])roximately the same 
extent as in other experiments on the .same .sub.ieets at tlie lower room 


temperature. 


Effect of Smoking on the Bate of Warming . — That smoking provides 
a relatively weak vasomotor .stimulus is indicated further by tlie folloiv- 
ing experiments on throe male sub.ieets. The room temperature was 
maintained at 29° to 30° C,, as in the ]n'ovious experiments. The .sub- 
jects immersed their feel in water at 15° C. for a jieriod of five minutes. 
Beginning five minutes after removal of the feet from the cold bath tem- 
perature observations were made at five-minute interv/d.s at several 
places on the surface of the feet. This was ro])eated, .so that two groups 
of control observations were obtained on each sub.ieet. From (!iis\ was 
found that ten to thirty minutes Avere required for the skin temperature 
to regain its normal level under these conditions. The experiment Avas 
repeated again, except that the subject began smoking a cigarette about 
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Uvo minutes after removal of the feet from the cold liatli. rmler llie 
nifliienee of smokin- (witli inhalation), approximately one hour was 
required for the temperature of the feet to retrain the normal level in 
two of the subjects. The third suh.icet in this group did not iidiale. as 
did the others, with the result that normal tem])eraturc levels were re- 
established within Uveiity minutes. However, the inge.stion of 17') 
of cold water (lb° C.) by this third subject immediately after removal 
of the feet from the cold bath resulted in such a decrease i)) rate of 
warming that thirty minutes were required for re-establishment of 
normal temperature levels (control period, ten minutes for this subject). 

Effect of liemoval of Nicotine . — Several ex])erimenls were performed 
in which the subject .smoked so-called “denicotinized” eigarettes of a 
brand available commercially. The effects on skin temperature and 
circulatory system were not significantly different from those obtained 
with ordinar.y cigarettes. The subject used in these experiments is con- 
sidered to be a hyper-reactor, at least with respect to tobacco. This lack 
of a significant difference may be explained in at least two wa.vs: fii’sl, 
the changes usually observed after smoking an ordinary cigarette are not 
caused by nicotine, but by some other con.stituent; and second, that al- 
though nicotine is the agent 2 'esponsible, maximal effects ma.v be pro- 
duced by quantities far less than those contained in ordinary brands, 
and that there still remains in the .so-called “denicotinized'’ l)rand 
sufficient nicotine to produce approximatel.v maximal effects. Anal.vses 
of the brand used indicate a nicotine content of a little le.ss than 1 per 
cent. 


In order to evaluate tlie role of nicotine in the pi’oduction of the char- 
acteristic changes in circulation and .skin 1cmi)eralin’e aftei’ smoking, 
the nicotine was removed eomi)lctely from cigarettes of a popular brand 
by subjecting them to steam di.stillation for a period of eight hours. 
The addition of a small amount of ammonia to the steam apparently 
resulted in the quantitative replacement of nicotine in the tobacco by 
ammonia, so that the final acid-ba.se balance of the cigarette was not 
materially altered. Chemical analyses indicated that the nicotine con- 
tent was so low as to be practically undetectable. To .some of thc.se 
nicotine-free cigarettes the original nicotine content was restored by in- 
jecting a solution of nicotine acetate from a hypodermic .s.vi-inge. This 
was done by inserting a long needle through the end of tho eiyiiivUe 
and depositing 0.01 c.e. of solution of the ])ro))er concentration at in- 
tervals of 5 mm. 

The effects on blood pressure, pul.se rate, and skin icmpcratnrc at 
smoking one of the.se nicotine-free cigarettes (with inhalation) by an 
habitual smoker were similar in most respects to the cnccfs (.f an 
ordinarv einarette when the smoke was not xnhuled: that is. the b or.d 
pressui; and imlse rate showed no significant change, and the .skin tern- 
perature fell only a degree, or slightly more, at most. Occasionall.N the 
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skin tanpM-almT. i,i,rli«.lnrly "f ll«- 

depmsca. On (ho otiior liniul, sniokin.!; a n'nu‘o(\ni7.v<l on^uioOo .1 
hahitnal smoker (with inhalation) in-odnood olianuos ldn‘ (hos.- j.roduord 
by the original ei-avottc (h’itr. 2). It is diHionlt to ostimato wholhor or 
not the effects of the renicotinr/.ed ei}iaret(e were (luantitatively liio 
same as those of the normal, untreated eisiaretto, for each subject sho\\s 
considerable variation in his vesiionses from day to day. llovyever, in 
these suh.iccts, (lie cITecIs of the renicotinized cigarette wove within the 
range of variahilit.v jirevionsly ohservi'd for eaeii subject, i’iie marlu'd 
dilYcrence between the efleets produced by the nicotine-free eimiretle 
and that to which the nicotine had been vestoreil indicates (hat llie 


changes in blood pressure, pulse rate, and temju'ratnre of the skin of (in* 
extrcinif ie.s are caused, for the most part, by the nicotine contained in 
(he hitter, and not by altered res|urntory nioveineiits associated with 
smoking, as sugge.sted by itlnlinos and Slinlnian.” 



hfjccl of Altered IlesjArntor;/ Movniiruls Durintj .S'nio/.iao. — bhirtiiei 
evidence that tlie altered resjiiratory inovenients associated willi smok- 
ing Averc ot relatively little importance in briiming about the fail in 
skin 1om])eralnre was obtained from kymograiiiiie reconls of tin* resjiira- 
lion of many siibjeet.s (botli smokers and nonsmokers) iteforc. during, 
imd after smoking. The eliange.s apjieared to he (piite inconsistent. 
In some non.smokers, respiratory exchange seemed sommvliat depressed 
dui-nig .smoking. .Some habitual .smokers showed relativelv slight ir- 
regularity during the smoking {leriod, as compared with the pro- and 
post-smokmg ]>eriod.s, whorea.s others showed eonsideralde irregnlarilv 
paiUcularly as a result of inhalation. Of simeial sigiiiru-anee is tli(‘ fact 
that tno snb.iecls wlio consistently .showed iiearlv e<(nal temperature 
changes also si, owed the greatest differences in res lirato ’ ^ 

j' 
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the subject tiad bcfrun smokin- Tlicsc ehan-cs often wore associated 
wth such incidents as tlie rin^in?: of the tcleplionc, the openin" of a 
door, or other minor distnrliances. Sncii ohservations. alon- witir those 
previously reported in llie literature, promiited the investigation of the 
effects of several physiologic and psychic stimuli on skin temperature. 
These were liyperventilation, the drinking of cold water, a sudden noise, 
reading, and talking. The hyperventilation consisted of breathing at 
approximately twice the normal deiith for a period of one minute. Usu- 
ally about ten such breaths Avcrc taken during the course of one minute. 
The cold water was at a temperature of about 12° C.. and each subject 
drank about 150 to 175 e.c. Sudden noises were ]U'oduced by crushing 
an inflated paper bag, dropping the lid upon a metal box, or slamming 
a door. Apparently, any form of reading matter, science or fiction, 
served ecpially well, and pictures wci'c found to have a similar 
effect. Conver.sat.ion, regardle.ss of subject, was generally efl'cefive, 
although .subjects of immediate or personal interest produced greater 
effects. All those t^iics of stimuli caused a significant fall in 
skin temperature of a magnitude which often ajitiroachcd or even ex- 
ceeded that observed after smoking (Fig. 3). Occasionally there was 
what appeared to be a spontaneous fall in temperature which could not 
be associated with any known stimulus. The magnitude of the changes 
brought about by these different activities varied between wide ex- 
tremes, which makes an arithmetic average fall in tcm])crature, or an 
average increase in .systolic blood pressure or pulse rate, of questionable 
significance. The important feature in this connection is that every 
habitual smoker, with the ]io.ssible excejition of two hy]ior.susccptiblc 
subjects, exhibited changes after one or more of these jihysiologic or 
psychic stimuli which often wci’c as gi’cat as those observed after smok- 
ing. 

Additive Effects . — Not infrequently it was observed that the effects 
of one stimulus were superimposed on those of another which had oc- 
curred earlier, as mentioned by Mulinos and Shulman.® As an example, 
occasionally the telephone rang, or someone entered the laboratory 
shortly after the temperature curve after smoking had reached a min- 
imum level and had begun to a.sceud, resulting in a resumption of the 
domiward trend of the curve (Fig. 3). 

Effect of Smoking on- the AcAivc Subject.— AW the experiments de- 
scribed above were performed on subjects who wci’c lying down, with 
their feet and hands expo.scd, and provide little information which can 
be applied to those who are wearing the usual fool covoi-ings and are 
moving about performing their routine duties. For the purpose of ob- 
taining information about temperature changes under the more normal 
conditions, an iron-comslantan thermocouple was sewed into the toe ol 
a sock in such a position that it was in contact with the skin of the 
plantar surface of the great toe. The shoe was then replaced. The 
thermocouple was attached to a recording thermometer^ by means of 


*Cclcctrny, nianufaclurod by the C. J. TapHnbuo Co. 
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7Mres long enough to allow limited freedom of movemenf. The Mihject 
oi tins experiment then husied himself willi observations on another 
sub.iect, the recording of data, and similar activities. On .sniokiim a 
cigarette a maximum fall in temperature of one-half degree from the 
control level of 30° C. was recorded. A similar cxiieriment on a second 
subject yielded e.ssentially the same result. Even though the room tem- 
perature was 25° C., the temperature within the shoe was high enough 
to pieAont to a great extent the vasoconstriction caused by smokinsr, 
just as in previous ex'poriments in Avhieh room temperature Avas elevated 
to 30° C. 

The skin temperatures of the great toes of tAvo subjects Averc measured 
on seA'eral successive da.vs immediately after they had returned to tlic 
laboratory from lunch. During their absence from the laboratory these 
subjects spent thirty minutes to an hour Avalking around outdoors at 
a temperature of 10° to 12° C., and on one occasion one of the subjects 
returned Avith damp shoes and socles because it Avas raining at the time. 
Temperature measurements Avere made as quickly as passible after they 
entered the laboratory, lest the rclatiA’cly Avarm room (25° C.) cause a 
change. In no instance Avas the tomjierature of the great toe found to he 
less than 30° C,, and often it AA’as as high as 33° C. No attempt aa-rs 
made to limit smoking during this period, and on Iavo occasions the sub- 
jects AA^ere smoking at the time the observations Avere made. This is not. 
to be interpreted as suggesting that the feet never become chilled Avhen 
a person spends a considerable period of time outdoors in cold Aveather. 
Almost everyone has had experiences to the contrary. IIoAvcver, those 
obsei’Amtions do indicate that one is frequently able to keep his feet and 
toes AA'arm and aa'cII supplied Avith blood in spite of smoking and a rcla- 
tWely cool external temperature. Here again one may reasonably as- 
sume that the insulation provided by shoes and socks Avas sufficient to 
maintain the temperatui’e Avithin the shoes at a level high enough to 
neutralize the A'asoconstrictor effect of smoking, ju.st as Avas observed 


in experiments conducted at a room toinpci-atui-e of about 30° C. 

From these experimeJits one may conclude that, during rest and 
relaxation in the laboratory or hospital, the rate of heat jiroduction 
in the body is so Ioav that there is little or no counteraction against the 
vasoconstrictor effect of smoking. Once constriction has been produced 
under these conditions, it may persist for a i)e?'iod of scvcivil hours, or 
until dilatation is cau.scd by the intervention of some other factor, such 
as an increase in heat production or the more thorough insulation of the 
body against heat loss. When the rale of heat production is above this 
loAV IcA'cl, as it is Avhen a ]icr.son is AA-alking or actively engaged other- 
Avise, the necessity for an increase in the rate of di.ssi])ation of heat from 
the body often results in vasodilatation in the feet, even though the 
atmo.splieric temperature may be relatively Ioaa'. Obviously, then, ex- 
perimental conditions in the laboratory or hospital arc not strictly com- 
parable to those under Avhich a pei-son habitually lives. 
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uiPGi:s«i<>x 

V».OTOmlvio,non in (lie finsm nnil !«■». ,Tsnnll(»s ol' 
cansc a fall in skin lom,.cratnrc lo a lavnl mnali !.*«• that all In . - 

ronndina almosDl.crc. It tl.o inilial skin lomlsclalura .s a.|i.nl In II . I 
ot Iho atmosphcfc, a fni-lhn- do<-.-casc from vasi,»nslro.|nm nan Inmlb 
be expected. -\Yy\»W reports that in U)X\v of )n.s .sn]>jei'ls wlio.se fiiiun 
temperatures Avere equal to atnu.spl.eric to.npe.-atu.-o tluu-e av.is^ no 
further decrease on smokinir. ?.laddoek and ( •olio.’'' report a fall f.f 
C. in the temperature of the fiuirers and l.r.° C, in that of the toes alter 
tliree cigarettes Avcrc smoked in ra]>id succession, 'I'liat litere u’as n 
relatively slight change in toe temperature in this t'X].ei'imcnt was pioh- 
ably because the initial temperatni-e was about 0.4® (1. b.Oow room 
temperature, which also fell about a degree durinu tlio (-oin-sc oi the 
experiment. The siguiticant change in finger lempe.-atnre is in l.eep- 
iug with the fact that initially it was uea.-ly six degree.s above room 
temperature. 

i\Iauy authors neglect to .stale whether or not inhalation was ].)•!»•- 
ticed by their subjects; yet the evideuec indicates tiint tin’s is of great 
importance in interpi'oting ll.o rc.snlt.s. Tin' smoking of nieutiiu'-free 
cigarettes, as pointed out above, or tiie i.assage of li.e smoke ll.rougb 
water or cotton saturated with I’eri-ie chloride solution, as dc.serilicd by 
Haddock and Collor,® sui)pre.ssc.s the iemi.eratuve <>hanges to a mai-ked 
extent. Also, smoking witlio.it inlialalion, in iionsmokei-s, at h*a.s1, may 
cause an ino.'oase in skin teiiqieratu.-e instead of a decrease. :^oiiif> of Jim 
variations in the results which have been reiiorted can iiroliably he a.s- 
cribed to the fact that .some subjects i.ihalod and others did not. 

Apparently, few autlioi-s have given moj-e than passing attention to 
the fact that temperature ehange.s wliich are often etitially as gr.'at (is 
those caused by smoking, and not infrc.piently .uueh mo.-e jirolonged, are 
brought about repeatedly during the eoursc of the day Iiy sueii trivial 
incidents as drinking a gla.ss ot cold Avater. a .snddi'ii noi.sc, reading, o.’ 
coiAversation. What, then, is the significance of the fall in .skin tetu- 
pci-ature after smoking? It is dillficnlt to avoid flu; eonclustoti (hat 
temperature ehange.s, jic .se, indicate iioliiing more than sympatho- 
mimetic re.spou.ses, whether they result from smoking or fi-om’ !t.iy one 

of the varioms activities of (he sort mentioned above wliich lu-oducc com- 
parable cbaugc.s. 

COXCl.USlON.S 

1. Under most lalio.-alory and hospital eonditioiis 11, c smokiii" of a 
e|gareUe by the ave.aigc habitual smoker (who inhales) results in ii,e 
folloAjmig changes : the systolic blood press.,, -c is increased 10 ufMam 
Hg, the diastolic blood pressure is inerea.sed to approximatclv i),o s-imc 
extent; the pulse rate is increased 5 to 20 boats per mimilc- ■nuT .l . 
emperatu.'e of tlie .skin of tlie fingers drops 2® to 5° C., and that of 
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the toes, 3° to 7® C. 
reactive subjects. 


Occasionally, greater elinnge.s occur in hypcr- 


2. The smoking of a cigarette by tlie average nonsmokcr (witliout in- 
haling) causas only slight changes at most. Generally tliese are in the 
same direction as in the habitual smoker, allliough not infrequently tlie 
skin temperature may increase instead of decrease. 

3. A comparison of actual temperature curves obtained after smoking 
with theoretical cooling curves indicates that maximal vasoconstriction 
rarely persists for more than a few minutes. 

4. An environmental temperature of 30° C. inhibits almost com- 
pletely the peripheral vasoconstriction caused by smoking. 

5. Smoking delays warming of the skin of the feet after a cold foot 
bath. Drinking cold water has a similar effect. 

6. Complete removal of the nicotine from cigarettes aboli.shes almost 
completely the changes listed in 1. Restoration of the original nicotine 
content to such cigarettes restores the original effects, indicating that 
nicotine is the most important agent which contributes to the circulatory 
and skin temperature changes. 

7. Changes in the nature of the respiratory movements during smok- 
ing are not responsible for the fall in skin temperature. 

8. Various physiologic and p.sj’-chic stimuli, such as reading, talking, 
sudden noises, drinking cold water, and hyperventilation, may cause 
changes in skin temperature comparable to those produced by smoldng. 

9. Mild physical activity, even at relatively low atmospheric tem- 
peratures, inhibits the fall in .skin temperature after smoking. 

10. Conditions in the laboratory or haspital under which experiments 
such as the above usually are performed arc not strictly comparable 
to those under which a person lives and indulges in his habitual smoking. 
Consequeutty, the results obtained under the one set of conditions are 
not applicable to the other set of conditions. 
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UNUSUAL arrhythmias DUE TO lilULTIPLL 
CONDUCTION DELAA^ IN THE A-Y JUNCTION IN CASES 
YHTH A SUBSIDIARY VENTRICULAR RACEMAIvER 
LOCATED iUIOYB THE BIFURCATION 
OP THE CO]\HrON BUNDLE 

R. IjAi^GEIsnOHF, !M.D., AKD L. N, ICVTZ, j\I.D. 

Chicago, III. 

T he eleetvocai-diographic diagnosis of impaired A-V eniidiiefion is 
simple if tlie ventricles arc controlled only by tbc sinus node. A 
prolonged P-R interval indicate.s delayed A-V condnetion, and lli(' 
absence of a ventricular complex following a P Avavo indicates block- 
age of the sinus impulse on its way to the ventricles. However, the 
interpretation of the elcctroeardiograni becomes more difficult as soon 
as the A^entricles respond to a subsidiary pacemaker ns Avell as to the 
sinus node, Avhether the second pacemaker is duo to the passive escape 
of a subsidiary pacemaker below the region of A-V block during ven- 
tricular pauses, or to the usurpation of control over the ventricles by 
an overactivc subsidiary iiacemakcr. In such instances depressed con- 
ductivity causing A-V block and interference causing A-V dissociation 
may coexist and result in complex arrhythmias.'^ 

In this report three cases ai'C presented; two arc cases of ])artial A-V 
block Avith A-V dissociation of an unusual and rare type,"'^ and the 
third represents an example of block in the A-V junctional tissue above 
(complete) and lielow (partial) a A'cntrieular })acemakcr Avluch is located 
above the bifurcation of the common bundle of a type hitherto, as far 
as Ave knoAV, nnreported. 


Case 1.— In this case (Pigs. 1 and 2) tlic P vavc.s are iiprigJit in all the Uinb 
leads and inverted or diidiasic in CF.; they arc alike in each icad, and the P-P 
intervals are fairly regular. The P-P interval is equivalent to a rate of fili to TX 
In Lead I it is /3; in Lead II, OS to 70; in Lend III, Ga to G7; and in Loud CF- 
67 to 70. 

The ventricular complexes, on the other hand, sliow irregular spacing. AVith 
the exception of one beat in Load I, a ventricular premature svstolc, nil the ven- 
tricular complexes in each lead arc alike. The irregularity of the ventricular 
complex es shows a definite periodicity. The longer P-H intervals vary in length. 


From the Carcliova-scular Department. Michael Kcc.se Ho.spllal, CliicaRo 
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The shorter It-R intervals are pracUcallr identical in each lead and i 
to a rate of SO in Lead T, 7S in Lead II, and 77 in Leads 111 and CF 
cnees in rate of the ventricles between leads parallel those of the 
hoth arc probtildy vaj^al in origin.-' 


ire eipiivideiit 
The differ- 
auricles, ami 



There is no constiincy in the rclivtiou lictwecu P and QPS in this record. 1 he 
P to QKS time .shortens as the .«horf H-l.’ inlcrval.s folloiv each other. When it 
hocomes le.ss than 0.10 sec. (actually 0.10 to O.lfi sec.), a long P-K interval in- 
variably follows. 

The presence of regiiltir r'entriciilar activity til a rate higher th.in tin nuri nh r 
and the progre.ssivc shortening of P-K distances at such times indicate that there 
is a ventricular paceinuLcr distinct from tUc sinus node in_ control of '' ' ' 
tricles, at least at times. In those beats there is apparently interference botnet a 
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He impulses s.«i.8 a— 

fr.u*i,".T„x 

aurulion o( 0.12 see., since ,iu™ previously null «Itcen O.iys inter 

ideutieul rvitl, tlro.se in records tnlen l.r» day s pHm, ^ J 

with normal sinus rhythm and ascribed to the absence of dis- 

The occurrence of the longei E-R During these intervals, 

clinrge ol tire ventricul.r pnconmltct nt «'« “P” efnclics’nnd diseiinrgcs His .sn1>' 
nppnrentl, unlike other cycles, 'f, f M luncti.n nnd foils to 

sldinry pneenrnker.- but is .ts.H f i„ vec.rds l.e- 




X+Y=IE0-78=42 X+Y=IES-78=45 



X+Y=II6 -78=38 X+Y=1I6 -78=38 X+Y=116-78=38 


Fig. 2. — Analysis of record shown in Fig. 1. A is the auricular stimulation as 
marked by the beginning of tlie P waves ; y is the ventricular stimulation as marked 
by the beginning of QRS ; and A-y is the time of discharge of tlie jV-Y nodal pace- 
maker set an arbitrary distance aliead of y. X, y and A' + 1' are described in tlie 
text. The figures in the lowest line of each lead represent P-R distances (and in the 
longer pauses R-P distances as well). P.S. is a premature ventricular sv.stoie. The 
values on lines A, A-y, and V give, respectively, the intervals between P waves (P-P 
interval), the discharge of the ventricular pacemaker, and the intervals between QRS 
complexes (R-R intenml). The time values are in Vioo of a second, viz. 99 is 0 99 
seconds, etc. Discussed in text. 


The nature of the ventricular response which terminates the long pause is not 
immediatelj' ascertainable. The choice lies between a conducted sinus impulse so 
that the P-R represents transmission time, or an impulse arising from the ven- 
tricular pacemaker reaching the ventrices before the next sinus impulse. We in- 
cline to the latter view primarily because the P-R distance of the beats at the 
end of the long pauses seem to vary directly with the preceding R-P distance 
rather than as the inverse of the latter which would be the case if the ventricular 
complexes were due to impulses of sinus origin. Apparently the discharged ven- 
tricular pacemaker can rebuild and discharge again before another sinus impulse 
can reach it. . ' . 



A.MKKIC.VX IJKAIJT JOUR.VAL 

The E-E distance of the longer pauses varies inverselv with thn v.i? v , 
of the beat before the pause. This would iinplv that as the 1>.E iV 
«nus impulses reach and discharge the ventricular pneenmher lat'eriritrclde’ 

sinuVintyn."""'"" I-"- 

An idea of the transmission time from the sinus node to the ventricular pneo- 
niaker (X) plus that from the latter to the ventricles (Y) can be obtained bv 
subtracting tlm E-E interval of the shorter ventricular cycles from the time inter- 
val between P ahead of the pause to QRS after the pause. We have found no 
method for determining the relative times of the two components. The values 
obtained for their sum (X -e Y) equal 0.3S to 0.^6 sec. and compare roasonablv 
with the P-E intervals found before and after this record wa.s taken (OM see. 
and 0.36 sec., rcspectivelj-). However, it has been Bho\yn<^, ' that premature dis- 
charge of a ventricular pacemaker may cause a depression of the pacemaker so 
that the value assumed for the C 3 'cle length of the ventricular pacemaker after 
its discharge by the sinus impulse may be too short, and hence the value for the con- 
duction times, X + Y, maj’ be too long. 



A. 

Fin. 3. — Record-s A and B of Case 1 taken respectively tlireo days before and llfteen 
days after the record shown In Fig. 1. Discus.sed in text. 

Tlie ventricular premature systole (PS.) at the beginning of Lend I appar- 
ently did not disturb the timing of the ventricular pacemaker, indicating thnt 
this premature ectopic impulse did not reach and discharge the regular ventricu- 
lar pacemaker or that it reached it just when it was due to discharge. 

In brief, this is a ca-se of A-Y dissociation due to the activity of a sub-sidmry 
pacemaker located above the hifurcation of the common bundle, pre.-^iimably with- 
in the A-V node. The rate of this ventricular pacemaker exceeds that of the 
sinus node. It is associated with a constant retrograde block located .somewhere 
in the A-Y junctional tis.sue above the ventricular pacemaker. In addition, then- 
is cx-idence of (forward) A-Y block, since P waves falling in diastole outside the 
normal refractory period of the A-Y junctional tissue and with .suflicicnt time for 
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A continuous strip of Lend CF 2 of tlic record of Case 2 unnlyzcd in Fis. "> and discussed in text, 
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a P-I{ of normal duration to occur do m>t give ri=c to a ventricular resj-on.,.. l^omc 
%-entncuIar beats occur under exeepfioiml conditions and may at first apjmar to l.e 
conducted beats, but on furtlier analysis tliis seems unlikolv. 

The unusual jdicnomeivon that distinguishes this case of A-V dissociation from 
the usual type is the peculiar arrhythmia of the ventricular paceumkor. Tins is 
caused by the sinus impalse udiich sometimes arrives after the absolute refractory 
phase of the region in the A-V .iunction aimve the ventricular pacemaker and dis- 
charges the ventricular pacemaker n-ithout being conducted through to the ventricles. 

Although there is not one ventricular boat resulting from an impulse in the 
.sinus node, there is evidence that conduction i.s possible along the whole iiatliuay 
from the sinus node to the ventricular muscle, since conduction occur.* in .some 
beats from the sinus node to the site of the ventricular pacemaker and in many 
other beats from this point to the ventricle.*. 3n this case, therefore, there is a 
permanent retrograde A-V block, complete A-V dissociation, and partial (forward) 
A-A block- 'Die retrograde block is neare.st the auricles, and the complete di.sso- 
cintion occurs below it; both arc located above the ventricular iiacemaker. The 
partial (forward) A-V block, however, is located in part between the ventricular 
pacemaker and the ventricle.s. 


Case 2. — This ease (Fig.s. -t and 5) shows essentially the .*amo arrhythmia its 
Case 1, namely, complete A-V dissociation. 'i'Jie auricles are cotilrollccl by the 
sinus node, and the ventricle.*, by a ventricular pacemaker located above the bifur- 
cation of the common bundle, presumably in the A-V node. Long ventricular 
pause.s also occur (whenever the P-K distance becomes less than 0.31 sec.). The 
ventricular pauses are less ficquent in this ctise than in the previous one because 
there is le.*.* difTorenee between the rate of the sinus node and the ventricular 
pacemaker. Long pauses actimlly occurred only three time.* in n record contaia- 
ing 50, 50, 50, and C7 succo.ssive cycles in the three linih leads and the one chest 
lead fthe last two are shown in Pig.s. 4 and 5). 

'fhe rate of the sinus node varies from 5S to C8; that of the vojitricular pace- 
maker, from 01 to OS. When the rales of the two pacemaker.* are almost identical, 


the relation of P to QPS ren’.ains constant for many cycles and superficially sug- 
gest.* a sinus rhythm with 1:1 conduction and a prolonged P-I? interval. However, 
examination of the entire Lead CF, re<;ord proved cone] us'nely that .■\-\ dissocia- 
tion is actually present throughout, although becoming more evident whenever tin* 
rate of one pacemaker changes without corresponding chntige in the rate of the 
other. 

'Die long ventricular pau.*o.s in tlii.* <'a.*o occur only w-hen the jtreceding I to 
distance is 0.11 sec. or less (0.10; (t.OS; 0.11 sec.). The interval from P pre- 
ceding the long ventricular pau.*c to QKS after the pau.*e is fairly eoasiant meas- 
ured 1.42, 1.00, and 1.0.0 see. 'Die nature of the heal following tiic long ventricular 
pause is more difficult to deteiinine than in Case L Kowever, for similar reasons, 


AV 

V 


I ,1^ Zj h j « j ^ 

28 22 c —>5rt 


lOD ■ too I 


96 ■ 90 I 96 t 9^ I -t 

Va ft* ^ 


N/ — 


X->Y=l36-96=-40 




LANGEKDORF and KATZ: 


UNUSUAL AUUtlYTIIMlAS 


:37 


the heats terminating the long, ventrieuluv panses aie piohal)l;\ not ill e ' 
ducted sinus impulses. The distance from QHS ahead of the pause to the P il ir- 
ing the pause ^cas constant in all three pamses (0.00 .sec.), ami 
tance from P during the pause to QPS terminating the 

he expected to he constant if this latter mere a conducted heat ^ 

P-E distance after the pause measures 0.41, 0.08. and 0..1S sec. Ihc.s • • • 

can he explained on the assumption that the heat.s after the pause are ventricular 
heats since the longer P-E distance of 0.41 sec. i.s associated mith slowing of the 
ventricular pacemaher. 

The sum of the conduction time from the auricles to llie site of the ventneu iir 
pacemaher (X) and that from this point to the ventricles (V) equals 0.42, 0.40, 
and 0.43 sec., indicating the presence of parti.al (forward) A-V hloch. 

This, then, is another instance of A-V dissociation wilh porinniiciit retrograde 
A-V block, both located above the ventricular pacemaher, and partial (forward) 
A-V block located somewhere below the vcntricnlar pacemnker. The latter occurs 
on these occasions when the sinus impulse discharges the ventricular ]iaeemahcr 
and fails to reach the ventricles. 


Case 3. — This record was taken on a “digitalized” patient, and the etTect of the 
drug is reflected in the contour of the S-T-T complex (Pig. d). Xo P waves nre 
seen in any of the three leads; instead, there are fine oscillation.s of the base line 
indicating fibrillation of the auricles. 

The ventricular coinplc.xes are of the supravenlriciilar tyjic and show irregular 
spacing. However, as shown in Table I, all but two of the E-E intervals fall into 
one of two groups; they arc cither short (0.84 to 0.8S sec.) corresponding to a 
rale of 68 to "1, or long (1.60 to 1.74 sec.) corrosnomliiig to a rate of .'io to ,30. 
Because the long E-E intervals are almost exactly twice ns long as the short one.s 
and nre fairlj' constant, it is unlikely fliat they arc due to impukscs conducted 
from the fihrillating auricles to the ventricles. It is more likely that these ven- 
tricular beats are responses to a regularly di.scharging pacemaker located above 
the bifurcation of the common bundle, presumably Die A-V node, wliieli arc con- 
ducted through a depressed region in the A-V .iunction whicli leads, at times, to 
a dropping out of even- other impulse, viz., partial block (iiilermillent 2:1) be- 
tween the ventricular pacemaker and the ventricles. Tiiis further ]ncsu))poses the 
presence of complete A-V block bctiveeii the anriclos and tlie ventricular pacemaker. 


Tabi.e I 

Di'ratio.v of Si-rrE.s.snT, K-B Ixteuvai.s ik 0.01 Si;c. 


Lead I 88, 85, 85, 84, 85, 84 
Lead IT ICO, 106, 124, 84 

Lead III 174, 172, 170, 108 


However, there are two E-B intervals, the third in Lead II and the fourO, in 
ead III, measuring 1.24 and l.OS sec., respectively, which do not fit into either of 
the above categories. The length of thc.se intervals can be e.xplaincd if it is as- 
sumed that the block below the ventricular pacemaker i.s of the tvpc associated 
with the Wenckebach pheiionieiion (Pig. 7). 

Although we cannot determine the conduction time from the ventricular „ace 
maker to the ventricles, its duration should be longer when M 
present than when every other beat is blocked. Since tJic third' E-E i„ lead n 
occurs on resumption of 1:1 eoiiduction, the transmission time of t) n i i i ] 

^i"ri.re=s:r" r - u.: t:: 

would remain apprcximately constant and thV V b V n^e^aSd 
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to the cycle length of the ventricular pacemaker. Thus the difrorence in conduc- 
tion time from the ventricular pacemaker to the ventricles of the last heat of 2:1 
block and that of the next heat is responsible for the lengthening of the transi- 
tional H-R interval. The ditTerence between this JMt and that of established 1:1 
conduction measures 0.41 sec. in Lead IT and presumably tvould have been O.’Jl 
.sec. in Lead ID! if one a.ssuriies that the R-1? interval of 1:1 conduction after the 
transitional R-R interval would have measured half the longest R-R interval. It 
is regrettable that longer strips of this record were not available. 



Tn brief this is a case of auricular fibrillation in which digitalis produced a 
eoZlctC A.y block and the ventricles were controlled by a snl.idmry pacenuik^ 
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there was a dropping out of cverj' other impulse associated ivilh a shorlcnijig of 
the conduction time of the conducted beats. Because of tlio chuugea in conduction 
time at the transition from 2:1 to 1:1 rhj’thm an K-If interval aiipoiired Hint was 
longer than those after 1:1 conduction wns e.slnblislied and exactly liho that found 
in the Wenckebach phenonionon. 


A 

AV 

V 



Y=X+024-83.)=X+41 


LEAD 31 


Fifr. 7. — Annls'sis of Lend II of record sliown In FIfr. It. A n'(>rcserits (lie ntirlctthtr 
stimulation ; hoivever, no attempt is made to roproduco tlic exact time of llic stlnnill ; 
only their rapidity and Irrcpailarity are shown and tlieir hlockane uhove the A-V I'ace- 
rnaker is indicated. X is tlic usual time arbitrarily assumed ns tlie conduction time 
from the A-V pacemaker to the ventricles, r Is the lonclhoiicd conduction time in tlio 
second beat after the ventricular pause (the trenckchach nUononicnnn). The other 
conventions are as in Fig. 2. Discu.s.sed In text. 


COMMF.NT 

The three eases present one common fonlni-c; t))ey all show evidence 
of two regions in the A-V junction and common bundle in which im- 
pnlses aie prevented from pas.sing either all the time or on oeeasinn. 
In the first two cases there is interference and rctrogi-ado bioclv above 
the ventricular pacemaker and blockage of Ibo supraventricular im- 
pulse below the ventricular pacemaker on occasion. In the tbii-d ease 
there is complete block above the ventricular pacemaker and jmi'tial 
block below it. The normal duration of QRS of the ventricular boats 
m Cases 2 and 3 and the identity with boats of sinus origin in a ppc- 
eeding record in Case 1 indicate that tlic ventricular pacemaker in all 
three is ocated above the bifurcation of the common bundle, pre.sum- 
ably m the A-V node. The ab.sence of anrieiilar re.sponses to Ibe ven- 

rateh^'" ”»P«ssn>le to dctci-mine its site moi-e acen- 

latelj. The depressed region wlicre the delay or coinplelo blockatre 
of the impulse to the venti-icle occurs lies below the ventricular pace 

maker and above the hifureation of the common bundle - its nceuvalo 
iocabzatioii depends on ftni nf i ’ '‘ccuiato 

remains nndotoL;!! U \ .'t if r""'" r’" 

by Scherf7 when he explained ihn u t was assumed 

ventricnlar cycle in cascs'of A-V clisoSn! 

SUMMARY* 

mimablyinfteA-Vnodc,orcrcpo“led ”™- 

^.iscTLX Srdl^iS:?" 

«.ey ace Hocked teow tin's point ;„”d S, I;;;!’ 
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lating the veiitrieles. However, it is evident from the analysis pre- 
sented that conduction is possible along (he wliole A-V conduction 
patlnvay. The sum of the conduction time from the auricles to the 
Amntrieular pacemaker and from this point to the ventricles can he 
determined and, when measured, indicates delayed A-Y conduction. 

Case 3 .shows auricular fibrillation Avith complete A-Y block above 
the ventricular pacemaker and partial A-Y block with the AVcnckehaeh 
phenomenon in a region betAveen the ventricular pacemaker and the 
bifurcation of the common bundle. 
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ATHEROjMATOSIS of the ]\UTKAE AAIAE 

C. Au:xa:<iM''u ITkiaavig, ^r.H. 

AYiciuta, Kansas 


A PREVIOUS sliitly' of coronary sclerosis in six(y-fwo autoi)sy cases 
led to the following' conception of Iho ^nniosis of. ailieroselerosis. 
The earliest lesion is an accuinnlalion of finest liiioid <:rannles m t le. 
ground siiiistance of the intima. Tlic source of these lipoid deposits 
fs the blood plasma wliicli nourishes tlic intima. The retention of 
lipoid in the intima is favored by a high-eliolesterin content of the 
blood plasma and by a disturbance of the lymph tlow in the intima. 


The next step in the development of athcrose1erosi.s is the npponv- 
aiice of fat-tilled cells which have taken up the lijioid from the. ground 
substance. During the ascending period of life, amnimnlation of fat in 
the intercellular sulistanee and in the colls of the intima is not asso- 
ciated with proliferation of connective tissue, and de.striietivc cliaiigc.s 
characteristic of advanced atherosclerosis arc entirely absent. 

In middle life, an extensive fibroplastic process arises in the diseased 
arteries. Following injury of the tissue by the accumulation of lipoid, 
granulation tissue devolojis. At first many small blood ^'c.sscls are 
pi’cseut in the young connective tissue. They originate from vasa 
vasonim of the media, and they may communicate directly with the 
lumen of the diseased ai-tory. After collagenous fibers Imve hoen 
formed, the vascular ti.s.sue losc.s its lilood vc.ssel.s, and a den.se hyaline 
sear result.s. Tliis cuts off the lipoid deposits from blood and lymph 
supply, and the fat-laden cells and fibers become necrotic. The space 
occupied by dead cells is conveiied into a cavity filled with detritus, 
cliole-sterol cry.stals, and fluid ; this is the so-called atheromatous ahseo.ss. 


If this abscess rupture.s into the lumen of the artery, ulceration of 
the wall and thrombosis may occur. From llie himen of the diseased 
vessel, blood may invade the intima, causing hematomas in the wall. 
Calcification of the necrotic area in the intima oeenns after tlie libera- 
tion of glycerin and crystalline eholeslcrin and the formation of in- 
soluble calcium soaps. Thi.s completes the picture of atlierosclerosis. 

The results of my previous study showed that the whole process of 
atheroselerosi.s is initiated and governed by deposits of clioleslerin in 
the intima, and that tlie de,strnclive changes in the diseased vessel dc- 
pend u pon the fibroplastic reaction of the intima. Thi.s conception of 
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Table I 

SUM^LUIY OK AIonPIIOLOGIC FlXDlXGS IX 100 CASES OK ATilEEO.Ar.VTOSIS IX VN-TfriO^ 

Leaflet of Mitkal Valve -v-ntleio.. 


CASE SEX 


CLIXICAL DIAGNOSIS 


Bronchopneumonia 

Bronchopneumonia 

Little’s disease 

Poliomyelitis 

Liver rupture 

Peritonitis 

Eheumatie heart 

Cavernous sinus thrombosis 

Brain tumor 

Lung gunshot 

Peritonitis 

Acute myocarditis 

Encephalitis 

Lobar pneumonia 

Ulcerative endocarditis 

Appendicitis 

Septic endocarditis 

Sj^ihilis 

Peritonitis 

Ulcerative endocarditis 
Coronary occlusion 
Lung abscess 
Influenza pneumonia 
Sypliilitic aneurysm 
Coronary occlusion 
Strychnine poisoning 
Diabetes 
Mitral stenosis 
Glomerulonephritis 
Coronary occlusion 
Coronary occlusion 
Anesthesia death 
Carcinoma coli 
Carcinoma of cervix 
Coronary occlusion 
Pneumonia, hypertension 
Hj-pertension 
Arsenic poisoning 
Skull fracture 
Rupture of aorta 
Carcinoma of ovary 
Coronary occlusion 
Heart gunshot 
Apoplexy 
iVnesthesia death 
Ulcerative endocarditis 
Peritonitis 
Coronary occlusion 
Aortic stenosis 
Nephrosclerosis 
Coronary occlusion 
Rupture of aorta 
Bronchial asthma 
Liver rupture 


cnoss LOCALIZATION 

MEDI- CEN- LATEi:- 
AL TEAL AL 


+ 

+ + + + 


X X I X 


MICKOSCOHC 
KlXinXGS 
nm;o- itrit-' 

Et-AS- DLE 
TIC VIATK 


-i- + T + + 

■ + + + 1 + 


X j 4 J j- 


444 444 
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Table I— Cont’d 


CASE 


SEX 


DO 

56 

57 

58 

59 
GO 
61 
62 

63 

64 

65 

66 

67 

68 

69 

70 

71 

72 

73 

74 

75 

76 

77 

78 

79 

80 
81 
82 

83 

84 

85 

86 

87 

88 

89 

90 

91 

92 

93 

94 

95 
■ 96 

97 

98 

99 
100 


AGE 

(YR.) 


CLINICAL DIAGNOSIS 


A1 

F 

F 

u 

M 

F 

F 

F 

M 

M 

M 

M 

F 

F 

U 

At 

AI 

AI 

AI 

F 

F 

AI 

F 

F 

F 

AI 

AI 

AI 

AI 

F 

AI 

AI 

AI 

AI 

AI 

F 

AI 

AI 

F 

AI 

AI 

AI 

AI 

AI 


■01 

57 

57 

58 
60 
60 
GO 
GO 
62 
62 
63 
63 

63 

64 

65 
65 
67 
67 

67 

68 
68 
68 
68 

69 

70 

71 
71 

71 

72 
74 
74 

77 

78 
78 
80 
81 
81 
81 
81 
81 
81 
82 
84 
84 
80 
87 


Lcuecmia 
Pneumonia 
Pulmonary embolism 
Coronary occlusion 
Dissecting aneurysm 
Perforating stomacli ulcer 
Streptococcic pyemia 
Pulmonary embolism 
HjT'crtcnsion 
Coronary occlusion 
Coronary occlusion 
Diabetes, coronary occlusion 
Coronary occlusion 
Carcinoma of tongue 
Coronary occlusion 
Pupturc of heart 
[Syphilis of aorta 
Hypertension 
[Diabetes 
Apoplexy 
Liver cirrhosis 
Alyocarclial infarct 
Oral carcinoma 
Ulcerative eiulocanlitis 
Coronary occlusion 
'Coronary occlusion 
Intestinal obstruction 
Aortic stenosis 
Uremia 

Bronchopneumonia 
Stomach carcinoma 
Bronchopneumonia 
Coronary occlusion 
Cholecystitis 
Pyonephrosis, diabetes 
Hj-pertension 
Bronchopneumonia 
Apoplexy 
Hypertension 
Perforation of rectum 
Lobar pneumonia 
Bronchopneumonia 
Alyocardial infarct 
Bronchopneumonia 
Apoplexy 

Coronary occlusion 
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the genesis of atherosclerosis confoi-ms ivith the view lieicl by AsehoiT.- 
Anitschkow,^ and Leary* that imbibition of Ihe intima ivilh cholostcrin 
plays the foremost role in atherosclerosis. 

In a colorful monograph,-”’ 'Winternitz, Thomas, and LeComple re- 
ported their studies on the biology of arteriosclerosis. By clearing 
arteries with glycerin, these investigators noticed hemorrhages in the 
intima at the site of predilection of arteriosclerosis. They contended 
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that the primary cause o£ atherosclerosis is rupture of vasa vnsorum 
which, in their opinion, are normally present in the intima. Iloinor- 
rhagic diathesis, vitamin deficiencies, mechanical, chemical, and bac- 
terial agents are, according to them, responsible for increasing the 
permeability of the capillary vail and for causing hemorrhages in the 
intima. If absoiption or organization of these intinial hemorrhages is 
not complete, the residuum remains as a necrotic focus, the so-called 
atheromatous abscess. 

The conclusions by 'Winternitz and his eo-worlcor,s verc so much at 
variance with my own observations that I studied the atheromatous 
process in structures which are generally regarded as devoid of blood 
vessels, namelj*, heart valves. 

The present paper is based on the examination of the mitral valve 
in 100 autopsy eases. After the gro.ss findings were noted, frozen and 
paraffin sections were made from the cusps and the following staining 
methods were employed : Sudan III and hematoxylin, hematoxylin and 
eosin, orcein and van Gieson stain. 

My youngest subject was 2 jmars old ; the oldest, 87 years. The gross 
and microscopic findings are listed in Table I. 

GROSS APPEARANCE 

Without exception, yelllow spots were found only on the ventricular 
.side of the anterior leaflet of the mitral valve and never on the auricu- 
lar surface. The significance of this predilection will bo discussed later. 



Fitr. 1. — ^.Vnterior initriil Icnact of a 5n-year-ol<l nialo. 

(Ic’PO.siOl of JiiioW. 


Ventricular .••lao with mapltlf 


In carlv childhood the yellow areas arc most often located near the 
medial and lateral margin of the leaflet. The next most frequent site of 
lipoido.sis is at the in.sertion of the chordae tendincac. In older *• 
the chordae Ihcmselve.s are always involved in the inoce.ss, nit • 

on the ventricular side. The yellow spots are cither completely flat an 
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within the surface of the valve or slightly raised. Some are shaiiily 
defined; others, veiy indistinct. Their form is round, oval, or irregular 
maplike. The size varies from 1 mm. to more than 1 cm. At the inser- 
tion of the chordae the yello-\v spots arc often triangular, radiating from 
the cord into the leaflet. In later years, bandlike deposits arc found 
running across the whole leaflet, especially in the upper third. There 
are often several parallel yellow' streaks, betw'cen 1 and 3 mm. wdde. 




Tlie dis- 


DINGS 
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linguished: (1) the endothelium with tlie suhcndothelial oonnoetivc 
tissue, (2) the elastic layer, (3) the fihroelastic layer, then the middle 
plate, and, in reverse order, the fihroelastic layer, the elastic layer 
the suhcndothelial connective tissue, and, finally, the auricular endo' 
thelium. 

The earliest microscopic alterations are deposits of fine lipoid granules 
in the suhcndothelial and the fihroelastic layei’s on the ventricular side 
of the leaflet. '\Vliile in many cases fat-laden cells are present at the 
same time, it can be demonstrated that fatty materials are deposited in 
the ground substance of the valve before any fat-containing colls are 
found. The extracellular lipoid may he masked by the advent of numer- 
ous cells wliich become laden Avith fat. At a slightly later stage, the 
fibroelastie layer contains a considerable accumulation of cells among 
Avhich large foamy cells resembling xanthoma cells are the most con- 
spicuous. Their outline is rounded or polygonal, sometimes flattened. 
The nucleus is u.sually centrally placed, small, round, and deeply stain- 
ing. In the interstices between the fibers of the fihroelastic layer, there 
are found other, much smaller, spindle-shaped or stellate cells Avith 
round or OA'al nuclei. ]\Iany of the .spindle cells contain fatty granules 
scattered in the protoplasma at either end of the nucleus. Thc-sc cells 
are morphologically indistingui.shable from fibroblasts. 



t;-:™ 4 \ntorior niitr.-il leaflet of -a .50-vcar-ol(l nialc. Mnfrninc.ation. X-)0. The Je- 

lipoirtdarR slai^ arc found in the ventricular Iayer.^ only. 


After the thirtieth year the amount of lipoid deposits increases, ami 
the fatty material extends farther and farther downward from the a-cii- 
tricular'side. until, after the age of 40, most of the middle jilate is im- 
pregnated Avith lipoid. With advancing age. many collagenous fillers of 
the middle plate appear poorly defined and, Avhen stained Avith hema- 
toxvlin and cosin, small areas of necrosis heeomc evident. Oi-Asmls ot 
choiesterin together with finest granules of calcium aeeumulalc m die 
necrotic areas. In not a single instance, however, was tins t.roeess .«.o 
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ctensivo tl.»t athevomatou. ateocascs or calcified f 
the tmaided eye. Contrary to atherosclerosis as fonnd m l tod ' c , 
proliferation of vasenlar eonneetive lissne "7‘;. 
diseased heart valve. Blood vessels tvere entirely lacking aioniid 11 e 
deposits of cliolesteriii crystals and calcium, and no scar tissue a . . 
formed. The complete absence of reactive processes and of dostruclne 
lesions in atheromatosis of the heart valves is in striking contrast to 
lesions as observed in arteries. 


comment 


There are dve papers'’-"'’ in the literature dealing vitli allicroma- 
tosis of the mitral valve. While all observers agree in the exclusive 
involvement of the ventricular side of the large mitral leaflet, the sig- 
nificance of this fact has apparently been overlooked. Tt.s importance in 
regard to the genesis of atherosclerosis cannot he overestimated. T his 
observation disproves at least six thcoiucs ‘whicli play an important role 
in recent discussions of the atherosclerosis problem. 

1. The predilection of the process to tlic vcntrienlnr side of the leaflet 
does not support the theory that avtoi'iosclcrosis is a niauifcstatioii of a 
specific disease of fibroclastic tissue throughout the body, caused by 
wear and tear (Kolen”). Both sides of the mitral leaflet have identical 
arrangement of collagenous and clastic fibers and are subject to the .same 
degree of wear and tear. 

2. The localization of the lipoid deposits is in conlradislinclioii to 
Hueck’s"^ theory that changes in the liydrogen-ion concentration of the 
ageing intima lead to the process of atherosclerosis. Tlierc can he no 
difference in pH between the ventricular and anricnlar layers, since both 
have the same histologic stnxeture and are suspended in the same nour- 
ishing medium, namel.v, arterial blood. 


3. The site of the yellow spots disprove.s the assumption of Wintci’- 
nitz, Thomas, and LeCoinpte, who believed that rupture of vasa vasoi'inn 
initiates the process of atherosclerosis. Tliere are no blood vessels in tlic 
free portion of the nomial mitral leaflet; occasionally in the upper third, 
blood vessels may be encountered accomjxanying muscle bundles, and, in 
cases of rheumatism, they may he found in the other parts’ of 
the cusp. However, .such vessels as are in the leaflet are seen only on 
the auricular side, i.e., just opposite the localization of yellow spots. 

4. The complete absence of proliferation of fibrous tissue, which is 
characteristic of atheromatosis of the mitral valve, does not .substan- 
Mate the assumption of Jores,"-" who believed that fibrous thiekeniim 
of the intmia invites the precipitation of lipoid. In mitral valves a 
new formation of connective tissue does not exist, but depo.sits’of 

cholertenn, tomation of eholcsterin crystals, and calcification ocenr 
as in blood vessels. 
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5. My findings do not support the view held l)y Dufi'>^ (hat a priniavv 
degeneration of the ground suhstance of the intiiua is tlie es.son'(ial 
cause of arteriosclerosis and that it precedes (he prooipitalion of Hiioid. 
All alteration of the ground suhstance on the ventricular side onlv. with 
subsequent lipoidosis, seems very unlikely, 

6. The predilection of the yellow spots to the ventricular layers is 
not in accord with the view held by Jones and Rogeis’' that the endo- 
thelium may become permeable for cholesterin after injuries by bacterial 
influences. Bacterial lesions are, as a rule, found on the auricular side 
of the mitral valve. 

The results of my own .studies are in accord with the conception of 
Anitschkow that precipitation of lipoid in tlie ground substance is the 
essential cause of atherosclerosis and that it ocems without jirevious 
degeneration of the ground .substance. 


The Avliole problem of atherosclerosis then hinges upon the question of 
why lipoids precipitate from the nutrient fluid in the ground substance. 
Since the lipoids enter the ti.ssue of the leaflet on the A'cntrieular and 
auricular side with the nouri.shing blood plasma, the quc.slion is “Why 
do they precipitate only on the ventricular side?” 

The lipoids appear in the nourishing fluid in colloid solution. There 
have to be certain factors which disturb the stability of this colloid 
solution on the ventricular side. With every ventricular systole, the 
colloid solution in the tissue of the mitral leaflet is subjected to vigorous 
percussions. The fluid waves wliich start from the ventricular surface 
of the leaflet are broken at the fibrous middle plate, and the fluid in 
the ventricular flbroelastic layer suffers repercussions in opposite 
direction. From the fundamentals of colloid chcmi.stry it scojds 
plausible that these mechanical forces are re.spousible for the precipi- 
tation of lipoids in the ground .substance of the venlriculai’ layers. 
The importance of mechanical influences on the precipitation of col- 
loid particles is Icnown from floeenlation tests. Kahn,'® who studied 
in detail the shaking principle in flocculation tests, dcuK)n.st rated tlint 
excessive sliaking leads to flocculation of lipoids oven in normal sen. 


SUMMARY 

The morphologic findings in 100 mitral valves with atheromatosis 
are pre.sented. Anitschkow’.s view, that precipitation of lipoids in tlie 
ground substance is the primary event of atherosclero.sis and js not 
prooeded by degeneration of the ti.s.suc. is accepted. 

Lipoids enter the leaflet with the nouri.shing blood pL'cana, in colloid 
solution. The localization of the atheromatous lesions on the ventricu- 
lar side of tlie leaflet refutes many theories on (he cau.se of fFcrm- 
scleiusis and .sngge.sls the importance of meehnnieal faetor.s. J >e 
nourmhimr fluid in the ventricular layers of the mitral leaflet is .su »- 
jeeled to percu.ssions and rcpercii.ssions during each systole, and piceipi- 
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tation of lipoids occurs by luecbanical disturbance of the colloidal state 

of the lipoids in the ground substance. _ 

While precipitation of lipoids, formation of cholesterin crystals, and 
deposits of calcium occur in atheromatous heart valves just the same 
as in blood vessels, proliferative changes are absent due to the lack of 
blood vessels in the ventricular side of the mitral leaflet. 
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DTNAjVIICS of blood plow in throjiboanoiitis 

OBLITERANS 


jMiltox Laxdowxk,® i\I.D. 

Chicago, III. 

TN THROMBOANGIITIS obliterans, although changes occur in the 
veins and about nerves, the essential le.sion is an irregular reduction 
in the luminal diameter of the arteries,^ and therapy lias been largelv 
directed toward relieving the ischemia which results. Vasodilatation is 
the purpose of many of the methods used in treatment. It is lield-'* 
that by vasodilation the development of a collateral cii’cnlation will bo 
augmented, and the nutrition of the limb improved. In addition, it lias 
been thought-'" that an increase in the amount of blood flowing to 
the limb may be brought about bj- these vasodilating mechanisms. It 
might be possible, therefore, by mea.suring the volume flow of blood to 
.such limbs, to learn what methods relieve spasm, encourage regressions 
of the lesion, or generally increase the blood flow to tbo region. Ob- 
viously, certain important information would not be obtained by mea.s- 
uring blood flow. No evidence Avould be elicited coneeniing the state of 
nutrition of any local part or the distribution of the blood flow within 
the limb. An area of skin which is potentially gangrenous may receive 
an increased supply of blood, and heal completely at the e.'cjiensc of the 
circulation elsewhere within the limb (muscles, A-V .shunt.s, etc.), and 
at no time need the fofal suppl.v of blood to the limb have been increased. 
Dilatation of vessels in response to a stimulus might not be detected 
unless this were associated with an increase in flow. Simultaneous 
vasocon.striction in one area and va.sodilatation in anothei' would juu- 
vide this situation, and it is one of the purposes of this communication 
to emphasize that even dilatation alone may not be reflected by increased 
flow under certain conditions impo.sed by disease. Therefore, clinical 
improvement cannot a priori he .iudged simply from measurements of 
the blood flow to the resting limb, and, bccanse of the unknown and 
variable factor of distribution of blood within the liml), might not even 
be I'eflected b.v measurcment.s of the blood flow to tbo limb after maxi- 
mal vascular dilatation liad been induced. 

It is fnidhcr to be noted that a change in blood flow per minute vbii'ii 
mav be insignificant by comparison with the sonsilivitj ot the mefliod, 
or with the magnitude of variations in flow, nevcrfbelc.ss, o\c‘i’ a pen’od 


From the Cardiov.n.-^cul.ir Deportment. Miehm-l lUfyc Ho.'-plt-'il, rfifcimo. 
Aided b.v tlic A. D. X.-irt Fund for C.ordioc Ko.--c.orch .ond ttio A. I- 
helmor Fund. 
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of days or montte, can provide a total inereasc in 
be significant with respect to survival of tissue. To illiK _ a • • 

age increase in Wood fimv of 0.1 c.e. per mm. per 100 c.e. ''™ 

result in one day in an increase of 1« c.e. m the ' " 

delivered to each 100 c.c. o£ limb. Finally, although a ch.mge m ,1 e 
effective peripheral resistance is rcficcted in a change in Wood flow, tl a 
reverse is true only wlien cardiac output awd blood pressure arc const an . 

Kunkel and Stead® have demonstrated that in tliroinhoan"iitis ob- 
literans the “maximal” blood flow (that which results irom keeping 
the temperature of the limb at 43“^ C. for thirty minutes or more) is 
reduced, and have presented a general correlation of the values for 
maximal flow with the presence and severity of symjiloms. Abramson, 
et al.,® obtained values in agreement with tlicse. They have recently 
reported^® that certain procedures will not increase blood flow. Onr 
own observations arc in complete accord with theirs. Wc have studied 
the blood flow in the legs of subjects with thromboangiilis olililcrans 
and have investigated the response to temporary arterial occlusion. 


METHOD 


Blood flow was measured in. the leg-foot of ro.sting subjects in the Iiorizonfal 
position by an. improved inodificationTJ of the plctliy.'=mograpliic metliod of Hewlett 
and Van Zwaluwenburg .12 This depends upon llic tlioorelical priJicipal that, if 
venous return bo prevented abruptly (b}' inflsiting a culf about the calf to a level 
below diastolic, but above venous, pres.sure), tlic limb will increase in vohnne. 
The initial rate of increase in volume should represent flic rate of arterial inflow 
which was present just before the measurement was made. The foot and lower 
part of the leg were encased in an air-containing, insulated plethysmogrnph. A 
thin, nonconstricting rubber diaphragm was cenienfod to the log and stretched over 
the opening, and this closure was made rigid by a plaster of purls baching. Volume 
changes were transmitted via a short vertical tube to a counterbalanced celluloid 
spirometer, damped in a glycerine-water nii.xture. A long lever wrote in ink on 
kymograph paper. In this manner, cliangos in the volume of the portion of liini) 
within the plethysmograpli were recorded upon the kymograph. Temperature was 
recorded. Calibration was carried out by means of a syringe wliich was connected 
directly to a side tube. Although the form of the pulse wave was not accurately 
reproduced, pulsations wore visible in the records on normal subjects. Tlicsc were 
almost always absent in records from patients wifli thromboangiitis obliterans or 
arteriosclerosis obliterans. 


A narrow (S cm.) pneumatic cutf was placed about the leg, just proximal to 
«ie plaster seal. When this was abruptly inflated, the spirometer lecordcd an 
increase in volume. The initial slope of tliis rising curve was ascertained by 
drawing a “tangent” line, and was expres.sed as 0, = the Iiorizontal distance in 
millimeters traversed by the Irymograph paper lor a 4 c.c. increase in volume as 
measured on curvilinear ordinates. This was converted to Idood flow in terms of 
cubic centimeters per minute per 100 c.c. of limb volume by tl.e following expression : 

Blood flow = V 0 c.c./min./100 c.c. limb volume, whore V = limb volume,- 

S = paper speed in mm./min.; R = calibration factor; 0 = tangent in mm./4 c.J. 
For . gl™ M oad, i, a 
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ment of flow may be completed witliin about tbrec to sc\cu seconds, an I 
ns often as every ten or fifteen seconds. j. 

The validity of this method depends upon (a) the 
occlusion, (b) the absence of initial obstruction to arteria in , ( ) 
sibility of the vascular system and of the limb, and (d), m any s\s ‘'"’j ' ‘ ‘ 

of tlm recording system to register rates of change in ' ,1, , 1. n 

workers as well as ourselves, have studied the limitations of the n ‘ . 

Xs l.avo .....btent .«>' 1« m no 

porsono. No io .....Ic by ,» oo 1. the J.gm of ^ 

these values. Conformity, sensitivity, and predictable behavior appear to indicate 
that the apparatus is suitable for iiicasiiring blood flow to distal parts of norma 

extremities. _ 1 1 4 

It was necessary, however, to ascertain whether the method is applicable to 
diseased limbs. With reference to the first tlirce points above; (a) In thrombo- 
angiitis obliterans, veins with lliickoncd walks might iio less easily occluded by 
the cuff pressures used, and collateral venous flow may not be as c:i.«ily accc.ssiblo to 
occlusion by the cuff pressure, (b) Small collateral arteries, with thinner walks 
and under lower pressures, may be occluded, at lea.sl in part, by the application 
of a collecting cuff, (c) The walls of thickened veins are 1p.«.s distcn.sible and 
venous space is diminished. Tissues are more rigid and le.ss distcmsible. Venous 
stagnation is not uncommon. 

The following observations were made upon tlio extent to wiiich these fnctors 
interfered with the use of the method. The increase in volume which occurred 
upon application of the collecting cuff to subjects with thromboangiitis obliterans 
was as prompt as in nonnal subjects. It continued, without ajiprcciable decrca.«o 
in slope, as long or longer. The resting rate of blood flow wa.s of the same order 
of magnitude as in the normal subject. A.« the pre.«sure n.«cd in the collecting 
cuff was varied, the recorded blood flow was greatest over a certain range (Fig. 
1), just as in the normal. The optimal jircssurcs which were required varied from 
patient to patient, and ranged from .^0 mm, upward. A.“ the cuff pro.ssure wn.s 
increased above the dia.stolie level, the recorded blood flow did not always decrease. 
Pressures above the e.stimatod .systolic pre.s.siire in the jioplitenl artery still resulted, 
in some subjects, in sizable recorded flow.s. Tills also was noted in normal sub- 
jects, but it apparently required higher pre.ssures in the narrow cuff about the 
calf to reduce or abolish arterial inflow (Fig. 3). Tliis wa.s true also when a wide 
cuff was applied about the thigh for (he purpose of occluding inflow j a .slow 
volume increase of the foot-leg was noted after inflation of such a cuff (0 well 
above brachial systolic pre.s.surc (200 (0 .^00 mm. Ilg). Inflation of the lower cuff 
to 50 to 70 mm. Hg would tlicn reveal tlio magnitudo of tlii.s slight inflow of blood. 
These observations would indicate (J) that venous obstruction produced by in- 
ahoii of the collecting cuff was as adequate in ])ntient.s with thromljoangiili.s 
obbternns as in the normal subject, (2) that arterial infloir was not significantlv 
obstructed during measurements, and (.1) that it was more diir.cult to comploterv 
occlude arterial inflow by pressure cuff.s. ^ 

Tlie disteiisibility of res.sels aho appears adequate for the application of the 
method, for the volume curve rises steadily. It remains imssible that if Ihf limb 
s pieiiously congested, .such congestion would interfere sooner with initial inflow 

r; ir::”,:' "» ’? r“ 

of .n, eyporimonl. BtooJ floiv mTOurccWopoto.lly X’r™! "" 

.nd .ever )o,. ita„ 
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introduce an error but if anvTS. rKf . ^ 

than thirty second; aflr re^^^^^^^^^^^ tT 

, presented with the experiments to which they are pertinent. 
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Experiments were carried out (as on normal subjcctsii) in the follo'\\ing manner. 
The patient rested in bed, with the leg (usually the left) within 10 cm. of hear 
level. After thirty minutes a series of resting flow measurements were made, 
usually at intervals of thirty seconds, and over a period of five to fifteen minutes. 
The effect of arterial occlusion upon volume and flow was observed by abruptly 
inflating (from a pressure tank) a 16 cm. cuff about the thigh to 200 to 350 mm. 
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. nf linip. Any iucoin- 

Hg, and niahitainiag tins volume during the pwod 

pleteness of oeclusion was <; reueated measurements of ilo\ 


jteness of oeclusiou was repeated measurements of iloU' 

of occlusion. Upon release of v seconds and tUcn less frequently for 

.ere made at intervals of fifteen ^ reTeat^ usually for the same 

two to fifteen minutes. Occluszon an U 

or different periods, one or more tii e . release, 

.ion pressure or occlusion time could be rela cd to the m 

the maximal flow observed, the changes l experiments, heart 

in limb volume, and visual and subjective notations. In 

■S“r3£SSH=r;zss 

preceding and following the measurement. 

Ote.rv.aon. during fur.y.ix cp.rin.e.... f ^ 
blood flow before, during, and after eighty-nine tnids of ar oru < ' 

venous occlusion of the leg in seven cases of thromboangiitis olfl.tcran.s are .sum- 
marized in Table I. The subjects were men between the ages of 32 and of . e. . . 
All were ambulatory, coming from borne, or ho.spitalir.cd for pngbonectoniy and 
had mild to moderate symptoms. No active phlebitis was manifest. Tiio pa len s 
presented trophic lesions, which healed with hospitalization and gnnglionoctomy, 
and one had a recently healed lesion. 



Fig. 3. — Illustrative examples of blood flow in the foot-leg of .subjects witli thrombo- 
angiitis obliterans at rest, and after dilating procedures, as compared with average 
of values for normal subjects.” Discussed in text. 


The resting flows ranged from 1.1 to T.5 c.c./min./lOO c.e. of limb 
volume (Fig. 3). The minimum range in each experimental period was 
0.4 C.C., the maximum, 3,2 e.c. In an attempt to increase the lilood floiv 
by inducing reactive hyperemia, a cuff about the thigh was inflated to 
a pressure of 200 to 300 mm. Hg, and this pressure was maintained for 
one-half to fifteen minutes ; the maximum resulting flows ranged from 
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No. of trials in which increnso.s in volume occurred 

Av. maximum cxfent of: this increase 

Av. time at which maximum increase occurred (min.) 
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2.5 to 7.6 c.c. (Fig. 3). The greatest increavse in flow in any ea.se was 
but 3 c.c. The maximal increase after release ivas less than 1 c.c. fol- 
lowing fifty-nine trials in thirty-six experimental periods, and was 
equal to, or greater than, 1 c.c. in thirty trials. 

In a .series of observations on thirteen normals, the resting flows 
i\eic similar, i.e,, 0.5 to 6.0 c.c./min./100 c.c., but the maximal flows 
after release of arterial occlu.sion were 7.3 to 22.6 c.c./min./lOO cc 
(Fig. 3). ■ ■ ‘ 



Heating tho UmL j 
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artenal occlusion in some cases ^vas followed by a decreased blood flow 
tbe maximum decrease was equal to, or greater than, 1 c.c. in forty-six 
tnals m twenty-nine experimental periods. In thirty of these forty- 
sLx trials, a decreased blood flow was present for two minutes or more. 
The average of the maximal decreases in all cases was 1.8 c.c. Tlie 
average time after release of the occlusion during which a decrease was 
manifest was 2.7 minutes. 

During occlusion a volume increase sometimes occurred. Deliberate 
congestion of the limb at the beginning or at the end of tlie period of 
occlusion, or v ithout occlusion, which produced a large volume in- 
crease (Fig. 5), demonstrated that the factor of conge.stion did not vaxy 
the results for more than thirty seconds after the occlusion had been 
released. The average maximal decrease in flow caused by deliberate 
congestion in twelve instances of venous occlusion was 0.2 c.c., and 
lasted less than fifteen seconds after release of the ocelnsion (Fig. 2). 
For purposes of clarification, and to avoid this questionable factor, 
the calculations of the decrea.se in flow after release of arterial occlusion 
without deliberate congestion were based only on measurements which 
were made thirty seconds or more after release. 

The initial decrease in flow after release of arierial occlusion was 
investigated further in a few experiments. In ten instances, heating 
the plethysmograph to 40 to 43° C. for at least thirty minutes before, 
and maintaining this temperature during arterial occlusion did not 
modify the results significantly. After release of occlusions which 
averaged 9.4 minutes, the maximal decrease in flow averaged 2,2 c.c., 
and the decrease persisted for an average time of 2.4 minutes. The 
response before and after limibar .sjanpathetic ganglioneetomy was 
also compared in three case.s. The average maximal decrease in flow 
after release of the arierial occlusion (average dimation, 7.2 minutes) 
was 1.2 c.c., and the average dui'ation of any decrease was 1.6 minutes, 
in ten preoperative ti’ials. One week after the ipsilateral removal of the 
the second, thii'd, and fourth lumbar sianpatbetic ganglia, the average 
of seven trials on these patients indicated an average maximal decrease 
of 1.8 C.C., and an average duration of any decrease of 2.4 minutes (Fig. 

The changes in limb volnme after release of artenal occlusion ivei e 
calculated in sixty-eight irustanees (Table I). Primary decreases in 
volume occurred fifty-one times; the maximum of each ranged from 
0 5 to 22.5 c.c.. averaedns 6.7 c.c., at an average time of "(> minute aftei 
release In the control ni-oup there was an immediate increase in 
volume, which was .sustained (Fig. 2). In the sub.iects widi thrombo- 
angiitis obliterans, an increase, delayed in onset, occurred in sixty-one 
trials The maximal increase averaged 6.5 c.c. above the lowest volume 
level— a return just about to the volume at the time of release of tlie 
occlusion. The average time after release that the volume regained 
this level was 4.2 minutes. 
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III tivenly-one trials the heart rate was noted, either by timing ten 
pulse beats with a stop watch (nine trials), measuring the rate recorded 
in fifteen seconds on an electrocardiograph (nine trials), or calculating 

A 


CCCt\j:)lUN BOTH OCCLUSION LEFT OCCLUSION RIGHT 




«ioBs were seven t‘o fifteen m^mes d 

;>;;»^des). The change in heart i-af eleven 

«) was from _]0 to +10 beats/mi,/'^'"'' occlusion 

«ei.es of normal subjects'-^ tlie ch +1 beat. In a 

-^20 beats/min. was h-7 to .35, avera^L 
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DISCUSSION 

The number of patients whom we studied is too small to Avarranl an 
attempt to establish a correlation of resting or maximal flows with the 
clinical manifestations. The results are comparable to those of 
Kunkel and Stead,® for our results fit into the range of maximal blood 
flow indicated bj^ these authors to correspond with the severity of the 
disease. In general, the slight increases in flow Avhich occurred in re- 
sponse to vasodilating procedures were in the milder cases. The larger 
initial decrease in flow after release of artei’ial occlusion occurred in 
the more severe cases. Observations over control and therapeutic 
periods totaling three to ten months did not reveal striking alterations 
in resting and/or maximal flows in the eases studied, or with therapy 
used, although various degrees of clinical improvement, objective as 
well as subjective, were noted. 

The> resting values obtained by us are of the same order of magnitude 
as the “maximal” values. In other words, arterial occlusion or heat, 
when used as a dilating agent, did not effect any significant augmenta- 
tion in recorded blood fioxo in the patients with thromboangiitis ob- 
literans whom we sUidied. These agents induce “maximal” dilating 
mechanisms in the normal subject. 

The absence of any comparable cardiac acceleration or limb volume 
increase after release of arterial occlusion corroborates the observations 
that the blood flow is not increased.^® 

These results indicate that the procedures which were used did not 
significantly reduce the effective peripheral resistance in these subjects. 
To explain this we can postulate that, in spite of xvidespread dilatation 
of smaller vessels, the fixed narroiving of the larger vessels (arteries) 
offers proportionately so imcch resistance that the more peripheral 
dilatation does xiot effectively reduce the total resistance to flow. 

In order to understand how this last mechanism operates it is im- 
portant that several considerations be presented. In any vascular 
segment, some resistance to the movement of blood is encountered at 
every point along the vascular tree. The distribution of this resistance 
is not uniform. Normally it is predominantly located in the arterioles, 
just before the smallest vessels. Because of this distribution, the mean 
blood pressure in the limb vessels falls but little until the small vessels 
are encountered. Here, over the I’elatiA’ely short distance from smallest 
arteries to capillaries, a fall in pressure of 50 to 80 mm. Hg occurs.^'' 

When the lumen of any vessel is narrowed, resistance to flo^y is in- 
creased. The factors which govern the precise relationship of frictional 
loss to the vessel diameter are complex."" As a crude approximation 
for either laminar or turbulent flow, this resistance varies inverselj 
with at least the third power of the radius. Distortions and lengthen- 
ing of the vascular pathway also increase resistance. When the lumen 
of a vessel is sufficiently narrowed, as by arteritis, atheroma, etc., the 
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increased resistance of the large vessels may l)ccomc a ])i’ctloinin<‘Hit 
proportion of the total vascular resistance. In sucli a case tlic gividiont 
of pressure would fall steeply in the.se narrowed I’ogions. If all the 
resistance of the distal peripheral ves.sel.s could bo removed, as would 
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that leg. ^ Although eonsti-iction of peripheral vessels would have re- 
duced this flow, dilatation could not have increased it hevond this 
maximal value (Pig. 7 7F and y). 

It follows, tlierefore, that, wlien progressive dilatation of small vessels 
occurs, a point may be attained beyond Avhich furtlier dilatation is not 
attended by an appreciable increase in blood flow. This would mean 
that the size of some proximal vessel is now tlie factor which limits the 
magnitude of flow. This, for instance, may be of importance when 
reactive hyperemia after release of arterial occlusion fails to increase 
further the volume of blood flow in a normal limli wliose skin vessels 
have been previously dilated by heat” (Fig. 7 T, TI, and III). 

In thromboangiitis obliterans, the narrowing of the arterial lumen 
(whether entirely or only partially organic) thus eventually determines 
the maximum amount of blood which can be delivered to the tissues 
at a given arterial pressure. Be.yond this, the state of the peripheral 
vessels may regulate this flow, reduce it, or distribute it, but cannot 
increase it. As blood flow is further restricted, a point is reached at 
which ischemia sets in, at first only when the demand for blood exceeds 
normal, e.g., during exercise ; but, as the disease progresses, the limb at 
rest may come to require all the blood that the major supplying vessels 
can transmit. At this point, the peripheral vessels may be in a normal 
state of activity, or, and this is more likely, they may be dilated.^' 
In either event, the impediment to flow is located largely in the major 
vessels, instead of in the small ones. Finally, with advanced disease, 
even the minimal normal flow in the resting extremity cannot be forced 
past the arterial obstruction, and nutrition becomes insufficient to meet 
the needs of the tissues. 

In short, the concept which fits the observations made b.y us may 
be summarized as follows : The resting blood flow in limbs affected with 
thromboangiitis obliterans ma.y be normal, except in severe cases. Dila- 
tation of peripheral vessels will result in an increase in flow only up 
to the limits imposed by the narrowed arterial lumina. Although in 
early eases this may permit a significant increase, in manifest cases 
(in which symptoms of insufficient circulation are evoked by a demand 
for increased blood), no significant augmentation of blood flow will 
follow peripheral dilatation. 

However, it may be argued that these dilating procedures failed to 
produce peripheral vasodilatation in our patients, or that any dilatation 
produced in part of the limb vessel is neutralized by a concomitant 
and equal vasoconstriction in other parts. This would occur if spasm 
were present and unrelieved by the dilating procedure, or if the ve.ssels 
themselves responded in an abnormal manner. 


ronsiclerecj hei’e to represent an undue or disadvantageous degree of 
v„olKLl'oS loa,;ins to « 

in the diseased and se^es to dl^crt the peripheral vessels may 

interpreting skin temperature obser\-ations. 
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It has .^enerallv been assumed that the pi-oeedures udiieli we used 
been sn„„e.s,et vnsospnsl.e .lis- 


of the production of 
orders. 


rders." 

It is conceivable, for cxami>lc, tliat a given degree of roduclion m 
oxvgen tension may give rise to contraction of an abnormal mus- 
cle' preparation, although, under normal circumstances, it pi-oduces 
relaxation. The same stimulu.s may evoke a different resiionse wlieii 
the condition of the li.ssue or its environment, is altered, l^lorpho- 
logically, little or no alteration has been described in the smallest 


ogicaiiy, xiiiie or no aiiuwitiuu — 

'essels^’ in thromboangiitis obliterans. This does not mean that 
physiologic abnormalities may not exist. However, as .shown in skin areas 
b}’’ temperature, color, and iniero.seopic observations, local dilator and 
constrictor agents ap])ear to elicit rcsiionses in the normal direction.’ 

Buerger has stated,’ (page 74) '‘Yaso-constrietion and even vasodila- 
tation are usual and common .sequences of obstructive anemia or is- 
chemia. 

(Page 240) “Too much empha.sis eannot be laid on the fact, however, 
that most of the ob,icctivc symptoms regarded by many authors as of 
neurotic foundation, are merely hydrostatic and compensatory ])hc- 
nomena, although . . . independent vasomotor disturbances may be. 
concomitant . . . 

(Page 247) “The conclusion is rvarranted that the finer vc.ssols are 
still able to respond, and are not wholly inert and ])aralylic.” 

AYe consider, therefore, that the primary factor limiting the maximal 
blood flow in our cases of thromboangiitis obliterans was not failure to 
dilate the small vessels, but the narrowed caliber of the major ve.ssol.s — 
the involved arteries — so that, even with i)erii)hcral vascular dilatation, 
the supply of blood to the part wa.s restricted. In any given case this 
is amenable to investigation by measuring flow before and after dilata- 
tion of peripheral ves.sels is actually produced by a suitable method. 

The fact that there is an initial deei-easc in flow after i-elea.se of 
arterial occlusion lends support to the consideration that, there may 
not be an unqualifled dilatation in response to ischemia in the limb 
vessels. Whatever the origin of this decrease, oui- evidence indicates 
that It is not abolished by heat or sympathectomy. Therefore, it is to be 
postulated that this decrease may be evoked by a constrictive resiionso 
of the peripheral vessels, or of peripheral axoms, resulting from deiiriva- 
tion of the mechanical or chemical stimulus of circulating blood- or it 
may follow diooct major vesel or local neuraxon atian.lalio,, produced 
by the occ udmg pressure of the thigh cull ou the uuderlving aj-lerics dr 
uei ves. The fact that peripheral heat does not reverse this response su- 
gests perhaps that the central rather than the peripheral vessl ai S coil' 
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cerned. The response seems to be evokprJ i , 

periods of occlusion (Fig. 8) and is dissipated by re-estabbs^hm^rf 
crculafon. The response may not be peciiar to 'this Sea“ i Iv 
n fact, occur m normal subjects. For example, if it is i„ response to 
the prrasure apphed to the major artery, resulting in a nanwing * e 
to local spasm, tins may be of a degree whieh, in a normal vessel svifl m 
significantly merease the total resistance of the hyperemic limb The 
same amount of circumferential shortening of muscle fibers may effect 
an appreciable increase in total rcsistanee in an already narrowed vessel 

Tjt T?’ T''- “ “>« '“ma’ sul> 

j t. The mechanism of the initial decrease in flow may be related to 
that under lying the production of Bier’s “white spots-'and “ischemic 
patching. - ^us and Gilding," Krogli,» Wolf," and Lewis” liave 
contributed evidence that these areas of paling occur with prolonged 
ischemia. Several of the earlier aiithom have suggested the iiiisup. 

poited hypothesis that asphyxial blood may cause constriction before 
dilatation.-® 
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Fig. S. — Chart correlating' the duration of prior arterial occlusion with the magni- 
tude and duration of the decrease in blood flow after release of the occlusion (cigiity- 
nine trials in seven subjects with thromboangiitis obliterans). Discussed in text. 


SUMMARY 

The resting blood flow in the horizontal position in the foot-leg of 
seven subjects Avith moderately advanced thromboangiitis obliterans tvas 
found to be within normal limits, as measured by the plethysniographic 
method. 



LANDOWNK: TIlROMBOAXOnTIS OIJUTKKANS 


r>7 


Tlie release of arterial occlusion in the tlugh result wl 
increase in blood flow. No uniial increase in \ ^ 

significant cardiac acceleration followed the release of .u tonal otclnsion 

in these subjects. . . . • „ 

Heat or lamliav s,-m,<atl.elie ga..slic.neelo.iiy, alone or ' 

evitli arterial oeehiaion, no more elTective in niereasms Urn tolnnie ol 
blood flow than was simple arterial occlusion. 

After the release of arterial occlusion, an initial decrease in blood 
flow was manifest. Thi.s was not prevented liy local beat- or by sym- 
pathetic ganglioneetomy. 


CONCI.U.SIOX.S 

The maximal volume flow of Iflood in flic fool -leg of ilie subjccis 
with tliromhoangiitis obliterans whom we studied, conscf|uont to the 
dilating procedures whieh were used, wa.s determined largely by the 
narrowed arterial lumen produced by this disease. This maximum flow 
was less than that observed in normal peisons. It may be redneod to 
the level of flow with ufliicli the normal limb is snpidicd at rest, or below 
this level. The distrihutiou of the blood flow to Ibe various piirts of 
the foot-leg is not ascertained by measuring the total volume of inflow 
into the fool-leg. 

Although there is no evidence to indicate that the dilating pro- 
cedures whieh were used did not jiroduee dilatation of the small ves- 
sels, it is possible that these iiroeedurcs may evoke ahnonnal re.s-ponses 
in this disease, both qualitatively and quantitatively. 

Tlie initial decrease in blood flow consequent to relea.se of arlorini 
occlusion may he caused by (lie above factor, by a periplierai vasoeon- 
.strietor effect of the ischemia, or, mo.st likely, by a local constrictive 
response of the major vessels. 

Since these la.st tu-o factors may ho active in the normal subject, this 
constrictive re.spon.se need not of uece.s.sity lie caused by Ihromhoangiitis 
obliterans, but at least it liecomos manifc.sl in this disease. 

Tlie author aeknoivlcdges liif,- indcbtodntv.s to Dr. L. N. Katz for giiidanro. lie 
IS oWiged to Dr. S. Perlow for peraiis.^ion to atudy tii.s private patients and pafient.s 
from the poripheml vascular clinic. He is very grateful, also, for the cooiierntion 
of these patients. 
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DISSECTING ANEU1?VS:\1 OF THE AOHIA 

Clavtok D. ]\Iotk, :M.D., AXi) h. Cauh. ^I.O. 

Sax Fraxcisco, Caiak. 

ORGAGNP in 1760 first dcscrilKHl a disseclnifr ancuiAsin of tin 

aorta; he saw it, “coiiiin<r out under the external eoats o 

artery first bv drawing it frotn the internal coats and then by vaistni: it 
as a large kind ol ccebymosis.- Mavinoii- in 1S()2 cloaily desenlHS 
mechanism of dissection by blond, and Daennoc in lS.,fi ii.st 

term “aneurysm dissccjuant. ' PeacoclG rejiorted ninetemi < iisis ni 

to wliieh lie added sixty-one in 1863. lOn-tbei- excellent, reviews and 
case reports Avero contrilmtcd more recently by Crowell," :Moosberger. ' 
Wood, Pendergrass, and Ostnim,' Elling' and others. Gagei"’ in 1028 
and Shennaid" in 1934 reported large series of cases. Because of this 
extensive litcratiire, dissecting aneurysm of the aorta is today regarded 
as a rather common disease, and single cases are not especially nof(!- 
worthy unless tlicy present some unusual or interesting feature.s. 

In a five-year period, from 1933 to 1937, auto]isics were done in .sixty 
ea.ses of dissecting aneurysm at the Sail I'h’ancisco Coroner s Ofiice. An 
analysis of this volume of material is jirosentcd in this I'Cjiort. In addi- 
tion are given the ease reports of four patients with the antmuorlcm 
diagnosis of dissecting aortic aneurysm. The second ](at!cnt in this 
group Avas carried through pregnancy after the diagnosis had been 
made. 


In 8,438 antop.sies done at the San hT'anci.sco Coroner's Oftice during 
the five-year period upon Avhich this report is based, dissecting aneurysm 
AA-as found sixty times, oi- in 0.7 ])er cent. After deducting 3,099 ea.ses 
of A'iolent death, Ave find sixty instances of di.ssecting aneurysm in r),339 
casc.s, or 1.1 per cent. It is interesting to note that the incidence of 
ruptured heart as a cause of death in ea.ses examined at the Coroner's 
Office is approximately the same, or Ify per cent. 

The incidence of di.s.secting aneurysm as found in the Coroner's Office 
and as taken Irom hospital records A'aries considerably. 

The higher incidence in coroners’ records as compared to hosjntai 
records perhaps is explained partly by the fact that di.ssecting aneurysm 
of the aorta often occurs in patients Avho have had no previous symptoms 
of disease and Avho die suddenly. 


of 
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Table I 

CojrpAKATivE Incidence op Dissecting Aneurysji 



NO. OF autopsies 

CASES 

% 

Shannon 

Stanford 

University of California 

San Francisco Hospital 

San Francisco Coroner’s Office 
(Nonviolent death) 

1,922 in 24 years 
3,000 in 30 years 
093 in 5 years 
1,746 in 5 years 
8,438 in 5 years 
5,339 in 5 years 

11 

3 

2 

4 

GO 

O.oG 

0.10 

0.28 

0.23 

0.7 

1.1 

The age, sex, cause of death, relation of exertion as knoAvn to the onset 


Table II 


Sex 

“ 

Duration of Life in GO Cases 


Male 

52 

Found dead 

IS 

Average age 

58 

Dead in 24 hours 

39 

Female 

8 

Dead in one month 

58 

Average age 

63 



Cause of Death 


llisiory of Exertion 


External rupture 

57 

Severe 

9 

(Intrapericardial with tam- 


Ordinary work 

7 

ponade 40) 


At stool 

1 

Heart failure 

1 

Swimming 

1 

Obstruction of superior vena cava 

1 

External trauma 

0* 

Rupture of associated aneurysm 

1 




♦A total of 3,099 cases of violent death in 9,438 autopsies showed no evidence of 
dissecting: aneurysm. 


Because of the suddenness of death and the fact tliat tliese patients 
have not been attended, the clinical records and observations are often 
scant and unreliable. Therefore, Avhen the clinical findings in the sixty 
cases of dissecting’ aneurysm are evaluated, it should be borne in mind 
that, although all the aAmilable material has been assembled, many details 
may be lacking. 

Physicians attended the patients in only tAventy-six cases of the series. 
The antemortem diagnoses made in these cases are given in Table III. 

Table III 


Cardiac conditions (heart failure, myocarditis, cardiac asthma, 12 
arteriosclerotic heart disease) 

Coronary occlusion 2 

Cerebral hemorrhage 1 

Carcinoma of the stomach, hemorrhage 1 

Aneurysm of the aorta j 

Chronic nephritis I 

Acute indigestion j 

Mediastinal tumor ^ 

Senility , 

Pulmonary hemorrhage ^ 

Lumbago ,, 

Dissecting ancur3''sm of the aorta 


The clinical findings as reported in tAventy-six case.s of dissecting 
aneurysm that Avere seen antemortem by physicians are given in Table 

IV. 
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Table IV 


Cardiac enlargement 

10 

Fever 

4 

Normal rliytlim 

25 

Cough 

«> 

Auricular flutter 

1 

Pleural fluid 


Abnormal aortic sounds and 

7 

Basal rales 

8 

murmurs 


Hemoptysis 


Aortic thrill 

1 

Albuminuria 

8 

Aortic regurptation 

2 

Micr. honiaturla 

4 

Elevated blood pressure 

7 

Gross hematuria 

1 

Normal blood pressure 

ID 

Leueoeytosis 

4 

Aortic dullness 

2 

Neurologic symptoms (i.o., reflex 
changes and weakness) 

4 

Enlarged neck veins 

Occlusion of iliac arteries 

2 

2 



Eleetroeardiograms were taken in only two cases; in one, lett axis 
deviation and flattened diphasic T-waves in Load I occurred while in 
the other, that of a patient wlio was digitalized, auricular flutter ivith 
partial heart block was found. A .study of tlje literature shows that 
marked eleetrocardiograpliie change.s or notable variations from day 
to day do not occur in cases of dissecting aneury.sm of the aorta. Roent- 
genograms wei’c obtained in four cases. In the first case they showed 
no abnormality; in the second, cardiac enlargement with dilatation of 
the ascending and transverse arches of the aorta and pulmonary conges- 
tion were noted; in the third, the heart was enlarged and the thoracic 
aorta showed diffuse widening and elongation; in the fourth there 
were two fusiform dilatations of the thoracic aorta, one on the ascending 
Irn^er*^ Pi'oximal descending aorta; the left vcntriole was en- 

DIAGNOSIS 

The mimber of patients in whom diagnosis of dissecting ancnrvsm of 

md'r “'K’ilion is rave 

made satisfaelovy obsevvations can l,e 

ta sy^n a^seoting from a saccnlav 

the saccular aneurysm is usually gradual althoimll'ir'^' 
made known by acute sjnnptoms Geijril t 

aneurysm is not acutely ineapacitatino’ and if saccular 

The roentgenograms of diffuse aortic ni’m . due to syphilis, 

of the dissecting type. ‘ wiTsm are often similar to those 

it my b"e ate:: --rysm, but 

^11 type. It IS frequently described as “rippffig.'-^ excruciating 


8' or tearing’ 


in 
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character. It may be pei-sistent during tlie progression of tlie dissection 
or It may be intermittent and less intense as the process becomes 
stationary. The location of the pain depends on the portion of the aorta 
m which the dissection is occurring. It may be in tlie chest, in the 
intrascapular region, in the lumbar region, in the abdomen, in the sacral 
region, or in the hips. In some eases the progress of the dissection may 
be observed by the elianging location of the pain. 

As the dissection progresses, intramural rupture of the vessels which 
arise in the aorta occurs. The dissection may extend also along the 
medial coats of these vessels. In either case there are obstructive signs 
ill the peripheral eireiilation as a result of interference with the lumen 
of these vessels at the point of exit fz’om the aorta. Neurologic manifesta- 
tions are frequently seen. One of the most frequent symptoms is weak- 
ness of the lower extremities due to involvement of the branches of the 
aorta which supply the lower portion of the spinal eord.'-'’ The paresis 
of the legs may be either transient or persistent. Urinary ret cut ion may 
occur due to sphincter disturbances. Syncope, convulsions, coma, and 
hemiplegia may result from interference with the cerebral circulation. 

Any of the palpable peripheral vessels may be involved and at times 
difficulty in differentiation from an embolic or thrombotic occlusion of 
the vessel might arise, particularly when either iliac artery becomes 
occluded from a dissecting aneurysm of the abdominal aorta. Tlie loca- 
tion of pain is an important factor in distinguishing between an embolic 
occlusion of the iliac artery and an occlusion due to a dissecting 
aneiiiysm. Embolic and thrombotic occlusion of the iliac arteries is 
accompanied by sudden severe pain wliicli usually is in the calves of the 
legs and is due to ischemia of the leg muscles. In dissecting aneurysm 
of the abdominal aorta, the pain is usually sudden and acute in onset, is 
located in the abdomen or the back, and may radiate into the hips. The 
pain in this instance originates in the aortic wall and probably is due 
to splitting of the aortic coats. As the dissection proceeds and obstruc- 
tion of the iliac arteries takes place, ischemic pain similar to that found 
in embolic or thrombotic occlusion of the arteries may occur in the lover 


extremities. In order to distinguish between these two conditions, em- 
phasis is placed on the initial location of pain in dissecting anein.ism. 
When dissection occurs in the ascending arch, the pain is in the chest 


and back with perhaps occlusive signs in the arm or in the carotids ac- 
companied by cerebral symptoms. The initial appearance of pain m the 
chest and tlie back is the important point in differentiation from em- 
bolism or thrombosis. 

The pain in dissecting aneurysm may simulate and be iiubstinguish- 
able from that found in coronary thrombosis. Of great help m 
differentiating these two conditions may be the almost simultaneous 
appearance of pain and peripheral vascular signs of an occlusive nature 
in dissecting aneurysm. There often arc objective differences in the 
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.avotid, bvaclual, radial, ov femoral avlevies, or “''^''7'"^;;;:;"™!:'^ 
liona aa arc seen in renal infarction rvltl, henndnna. la.nl.ohc I* ™ 
in eoronavv tlu-oTnl)osis da not occur until sufficient time has 
the formation of a myocardial infarct and a mural thrombus. 

The sudden appearance of aortic murmurs and, not infroiiuently, of 
aortic regurgitation is of great diagnostic value. Tu most inslanco.s no 
actual involvement of the aortic valves is found. The insufticumey aj)- 
parently is due to dilatation of the aortic ring as a re.sult of the dissection 
of blood through the medial coat at the root, of the aorta. As the blood 
approaches tlie aortic cusps, it inlorl’oros with the iiuisciibir elements 
that support the aortic ring which suhsoipieiitly dilates. 


PKOOXOSIS 

The prognosis in dissecting anoury.sm of the noli a is grave. ^ arions 
estimates of survival have hecii made. Crowell’’ stated that 20 per cent 
of the patients liave a chance to survive the initial (;]nsodo. ^Ve^ss'* 
recently estimated that one in ten imticnts has a good ehanee to recover 
with development of a “healed” ancnry.sm. I'liirty-eiglit of Shennan’.s”' 
300 patients lived for two to thirty years. In oiir serie.s of .si.xty ease.s, 
only two patients lived longer than a month after onset. The jiatient 
in Case 2 of the .special ease rcjiorts lived for two year.s and ten tnonlh.s 
after onset. 

PATHOGEXKSI.S 


Although tlie opinions generally expre.sscd in the literature a.s to 
the pathogenesis of tlie le.sion may vary .somewhat, they agree in eertaiu 
details. First, it, is held that the medial wall is weakened hy a .sequeiiee 
of destruction and I’epair. The repair jirocess eonsisls of a light fibrosis 
with .subsequent deposition of cliolesterin, fatty acid crystals, and calcium 
which are common to an arloi-ioselerotic ju’oce.ss and unlike the stroiig, 
fibrous, va.seularized ti.ssue seen in syjdiilis. Second, the occurrence <tf 
a sudden rise in blood ])rc.ssni-c is assumed. Thiz’d, it is lieUl (hat a tear 
in the intinia of the aorta may or may not occur. Izz the fifty-six cases 
of this series in M-liie)i t)ze nUUniil (oai- wjis dcseidhcd, (he iiosit'iou was as 
follows: ascending aorta in forty-two, ai-eh of the aorta in eloveiz, 
deseeiiding aorta just below the az-ch izz lliz-ee. Izz sevezz of the eleven ca.ses 
of intzznal tears in the arcli, the aoi’ta .showed evideziccs of syifiiilis. In 
ozie case, two .separate izitiizzal rapt lives were olzsez’ved izz the ascendin'*- 
portion of the arch, and in another the tear .started izz azi allnwomatous 
ulcer. The tears were from 2 cnz. to 10 cm. iz, lezigth and varied in 
shape, being crescentic, V-.shaped, lozzgitudinal, oblique, irrestnlar or 
transverse. The shape of the tear apparently had no volatiozi to’ the 
extent of dissectzon or the condition of the izifzzna, InU simply took ozz 
the conformation of the weak medial portion when the di.ssection he<r^n 
external shape of the dissection beliveon the layci’s of the aortic 
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wall was sheathlike in fifty, fusiform in six, and saccular in four cases 
In most cases the separation of the coats of the aortic wall with ex- 
travasated blood extended from one-third to two-thirds of the aortic cir- 
cumference. In one case, the aorta was completely encircled with Idood, 
forming a so-called “tube-within-a-tube” arrangement. 

Because of the common association of aneurysm of the aorta with 
sj'^philis, the question has been raised as to the relationship of S 3 ''p]ii]is to 
dissecting aneurysm. According to reports in the literature, aneurysm 
of the saccular type without dissection is due to syphilis in from 25 to 75 
per cent of the eases, while most cases of dissecting aneurysm are due 
to arteriosclerosis uncomplicated by syphilis and onlj’’ a small number 
to syphilis alone. In onty two of the series of sixty cases of dissecting 
aneurysm was the diagnosis of syphilis made antemortem. In eleven 
eases, however, or IS per cent, the presence of syphilis was proved post 
mortem either serologically or by tissue section. Tlie cjdologic criteria 
for the presence of syphilis were the microscopic pictures of perivascular 
infiltration of lymphocytes about the vasa vasorum, of scarring and 
vascularization of the media, and of mural fibrosis and wrinkling of 
the intima. According to these figures, the incidence of syphilis is some- 
what higher than that found by Shennan, who reported its presence in 
10 per cent of his eases of dissecting aneurysm. Arteriosclerosis was 
found in fifty-seven eases of the series. In most eases the arteriosclerosis 
of the aorta was far advanced, and generalized arteriosclerosis also was 
present. Nine of the eleven cases in which syphilis occurred presented a 
well-advanced arteriosclerosis equal in degree to that observed in many 
eases of dissecting aneurysm without evidence of sjq^hilis. Thus, in only 
two eases of the entire series, or 0.3 per cent, a background of uncom- 
plicated syphilitic infection of the aorta which resulted in sufficient 
damage to contribute to or cause a dis.seeting aneurysm was found. It 
has been suggested that sj^philis uncomplicated by arteriosclerosis does 
not provide the necessary pathologic background for dissection of blood 
between the coats of the aortic wall. 

Microscopically, the pathologic changes were largely those of an 
atherosclerosis. In addition to the usual deposit of fat, cholesteiin, 
calcium, and fatty acid crystals in the intima and media, evidences of 
inflammation in the intima and media Avere observed. These appeared 
in the form of bmphocytic nests, either isolated or perivascular, which 
were associated with intimal scarring by young fibrous tissue. These 
progressive pathologic changes preceded the aneurysmal dissection in 
varying degrees. The dissection itself usually started in smalh localized 
areas of atheromatous degeneration and continued by splitting the 
lamina of the media by hydrostatic pressure from ahovc. No evidence 
was found in any case of arteriosclerosis with occlusion of the vasa 
vasorum, and ischemia and degeneration of the aortic Avail. There was 
no evidence of infarction of the aortic Avail, either from embolism or 
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from selovosis of (l\o vusa vasoruin, ns suutit'Maa h\ ^ 
one ease selovosis of the vasa vusovnm was and a n 

ehnnues were not sunieient to neeonnt for lin< areas ot loeal 'J 

in ti,e media. O.i the other hand, in several of our eas.s .snnda » 
tliose reported hv Tyson, the intiinnl tear wa.s not the slartnm point . 
(lie aneurysm and iti four otlier.s the disseeli.ui was not nee..!n].nnn'd Py a 
(car. Furthermore, in two of our eases not inelmh-d in this .s.-ru-s, 
liomatomas oeeurred in the aortie wall from rnplniv of the vasa vasorum 
in the media without exleu.sive disseetion and in the invs'iiee nj an 
intact inlima. In Hie one en.se a .small orimniziin: hematoma, alxml L’ em. 
lon|i, was found in the medial eoat of the aliiloiuinal aorta. !n the otliei. 

■ ail oi’sianizin'ti hematoma, ahont 12 ein. ]oin,% was noted in the media •>!, 
the ahdominnl aorta. In hoth eases the lesions were found at autopsy 
and. while they were part <if the pr<teess of "eiieralized atlnuoselerosis, 
they had played no part in the elinieal pieliire. 

c.vsn mmoin s 

The ease report.s of four palhuits with antemortem diauiiosis of dis.see!- 
iiig ancury.sm of the aorta are jm'senti'd. 

C.ssr. 1. — M. P.. a nuiii, e. r.rs. Iia*t ••uni; rin' nry<:c. of ft:*' fa'.'lri re- 

tendin'; from tlic Ji'-condini; !tr<-li to ttie tiifiir.-.-ilinn '•!' l!ie al'-l'indtir-.l Tii-- 

duration was fifly-fonr iitmrs. Tliorr m;(“ tmv.itiat jujansr im.i tt.e [..-.''rsrA.i:.! 
cavity. 

Tlio patient was an Italian Mi-vednrr v.lio did Imtd pliy-it-al v, ott. v.atil tt.<" i'!-."-! 
of lii.-i ter/nin.'il i)lno,-.«. llis pa'.i tii^fory wa" itrvli-uitit. 5t'- }:a<l ii" r.-odi-oa- -'tt-.r 
conijdnints. 

On file inornin;: of Mar.di t’S*. 1t».':.'i. uliil,- m ,•.!(«.!, f;.- suddi-idv rej-'-ti.-r.-'. d v.rai;. 
ness of Itie rif;Iit te;; whieh was fottowed nliiet'! iinu'.'-'iialidv to- jt.’ii 

and inlerst’ujnilar indn. TJie paresis of flie l.-e it.'it.' trr.n*i'‘e.t. tint (ta- pain }u !»i>Ud, 
It was desiTilied as "Ii'.-iriim” in rliataeler and wa- rMten-.i-lv It wa* li.i 't 

severe in the inler.-i'aimlar n-eion and later exteaded into ilic tnint-ar 

TIio patient was a well-develoj.eit ami wetl-m.nrisiie.J n.-an ntio wri'. in '‘ond.'.i -ntde 
di.-eoiafort from pain at llie lime of examination. He liad no fev.-r. Tie- impor- 
tant pliysieal findines were limiied to llie eardlo\a>-ii)ar .-vu.-m. Ti..- Iieart w:;» 

sliKlifly entarged to the left. There was dullness in tin -omi intes-pm-e to the ti.,.:!, 

and tlie left of the ..-tenKinn Tlie rhythm was re-ntar; ll,e pal..- raie was s-r rr'in 
ate. The heart sounds were fnreefol and of ;;oiid iptalitv. ,V loud lo;.n.i.(rr. i-au 
mur which was maximum at the aortie area wa.. transmitted toward the am-x 
Peripl.ernl siirns of aortie reynrftitalion w,-re present. Ttie ean.tid put-ation- 
equal and foreefnl; the ra-iia! pulses were equal and t'orrinan in ijp.-: amt tl.e 
emoras were equal. Both Trauhe's and Dnrorie/.'s siijns were nol.*d IUo.kJ 
pressure ,n Imll, arms was HUi/sn. T),,. Wasserniann reaeti,,., wn^ pos*„iv.. 

wh.VI ”>'* r-f f-rly eind.t hours, at the end of 

whieh tone he experieneed an eNm-erhalton of severe sult-tened le,;,, ,,1 ' .1 i i 
ponsisted since onset. H<‘ then lM>j<au to .show evanod- of the f-oa- n ■! ' '*! ' ' 

tshed, and cardiac dullness im-reased to the rif-lit and left' of n., ‘ T' 

peripheral signs of aortic regnrfritntimi were no longer piesoiit an'l " 

.ure feu to uround 100/00 in ho.U arms. The lut.lnt \,ied I;,::: r;;; 
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this episode, ivhicli evidently marked tJ.e time of rupture of the aneurvsni into the 
pencardium. He died fifty-four hours after the onset of the first symptom 

During the period of observation, wliich extended from shortly after the onset of 
symptoms until death, the patient voided only a few cubic centimeters of urine which 
consisted of almost pure blood. The clinical picture was typical of a dis^cctinjr 
aneurysm of the aorta with terminal rupture into the pericardial sac. The on«ct 
with transient neurologic signs, the character and location of the pain, tlio inter- 
ference with renal circulation, and the presence of aortic regurgitation pos.sibh- of 
recent appearance indicated the diagno.sis. 

Autopsy. Inasmuch as the important pathologic findings were in the heart and 
the aorta, the remainder of the autopsy findings arc omitted. 


The pericardial sac was dilated and of a peculiar purplish-blue color. It con- 
tained approximately 400 e.c. of partially fluid and partially clotted blood. The 
heart w'as slightly enlarged. A transverse tear was found in the posterior wall of 
the aorta approximately G cm. above the aortic ring. The blood had dissected from 
this point downward between the elastic laminae of the aorta into the pericardial 
cavity. Distal to the tear, blood had dis.sected its wa}' between the central laminae 
of the aortic media for about half the circumference of the aorta on the right side. 
This area of dissection and splitting of the media extended down to and about the 
renal arterj', and from this point blood had dissected upward to the right between 
the laminae of the renal artery. Some blood had escaped into the renal pelvis from 
a large infarct of the kidney. Tlie dissection continued down to the bifurcation 
of the aorta where numerous thrombi were found. No re-entry of the aneurysm 
into the aortic lumen w'as present. Sections through the heart .showed no pathologic 
changes in the endocardium, pericardium or valves, but did show a moderate sclerosis 
in the coronary system. No coronary thrombosis was noted. Tlie intima of the 
aorta showed considerable thickening due to fibrous tissue and atherotic plaques 
along the entire course. 


Case 2. — E. B., a woman, aged 32 years, had dissecting aneurysm of the aorta. 
The duration was two years, ten months, and eight days. Onset was during preg- 
nancy; a normal child was delivered at term by cesarean section. 

The patient was first seen by her obstetrician, Dr. E. P. Anderson, on Oct. 1, 1037, 
when she consulted him for prenatal care. Her last menstrual period had been May 
11, 1937, and her pregnancy had proceeded normally except for nausea. 

Her past history w'as essentially negative. She had had no scarlet fever, rheumatic 
fever, tonsillitis, diphtheria, or pneumonia. Her cardiovascular system had been 
normal except for occasional “palpitation,” She had been married for nine jears 
and had had a previous normal pregnancy and labor in 1933. Except for the preg- 
nancy (the uterus rvas the size of a four and one-half to five months' pregnancy) 
the examination was negative. No cardiac abnormalities were noted. The blood 
pressure in the left arm was 120/70, 

On the evening of Oct. 1, 1937, while sitting in an automobile in front of her 
home, she experienced a sudden severe substernal pain. ^Yith assistance she was 
able to walk into the house. The pain was extremely severe and from the substernal 
area radiated upward into the neck and then downward posteriorly between the 
scapulae. At this point it remained and extended into the region of the xiphoid. 
It remained constant and severe for about thirtj' hours. ^ • i , 

Wlien the patient was first seen thirty hours after on.'-el, she was writhing in bed 
with severe pain which radiated substernally from the scapular region to the xiphoid. 
She was a tall, well-developed young woman. Slie was not in shock and did no • 
have fever. The notable findings were limited to tiie cardiovascular sy.s em. A 
sharp systolic pulsation was noted in the suprasternal notch "jl 

into the left carotid artery. The heart sounds were of good quality. A rough, 
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loud systolic murmur and a softer notr and into 

The systolic murmur was loudly transmitted P ^ 

.f tko pripkc^l r* ““ „Tai™ 

aortic remirgitation in the left carotid, left arm, and loner ^ 

Cke.:"..a siEPS. Xh. nsu. .«a '“"^''"17: ^ ^ M- 

™a lie trftal ™a P«'» »” «“ "S''*.™™ ?rf t .ne vieor- 

sation in tire right carotid was markedly dinrimshed, rvhrlc rn the 
.1 Bbed pieLr. 130/0 to toe Irit «i» o«<l SO/OO to o™/ A"?* 

160/0 in troth legs. . 

Within a few days the pulsation in tire suprasternal notch became 
and the aorta, which could be palpated here, was slightly ent er. ^ i 

on the pulsation in the left carotid diminished. The inequality in the rat n p 
persisted; in time the right pulse became definitely retarded. Blood pros.siiro was 
at all times about 120/30 on the left and 70/60 on the right. Since the dissection 
apparently did not progress further after the patient had been confined to bed 
at home for two and one-half months, she was allowed to be up and about, ^he 
first roentgen and electrocardiographic studies were made at this time (sec Figs- 
1 and 2). 

Four months after the onset of sj'mptoms, delivery was performed by cesarean 
section under spinal anesthesia (Feb. 2, lO.lS). The patient’s postopcralive cour.sc 
was uneventful. Until hlay, 1040, her condition remained about the same; although 
she was not completely well, she was able to be up and to attend to light house- 
hold duties. During this period she had several transitory episodes of sudden 
weakness in the lower extremities. She also had transient jieriods of from five to 
fifteen minutes during wliich her visual acuity was markedly diminished. She became 
easily fatigued and always was conscious of palpitation. She had occasional 
“sticky” pains around the costal margins but never severe pain .such ns tbat ivbicli 
initiated the dissection. The aortic insufficiency persisted. Her heart gradually 
increased in size, but at no time did she show signs of congestive failure. Pulsation 
in the right carotid became almost imperceptible, and in the left carotid it was di- 
minished. In February, 1940, roentgenograms showed increase in the size of both 
the aneurysm and the heart; also the electrocardiogram sliowed considerable changes 
(Figs. 1 and 2). 

During the last three months of her life, the patient was confined to bed because 
of weakness and increasing bouts of pain. The pain was the same as that pre- 
viously experienced and at times radiated also into the lumbar region and tbe right 
hip. Marked weakness developed in botli lower extremities. No neurologic changc.s 
occurred other than hypoesthesia over the di.stribution of the right femoral cutaneous 
nerve and diminution of deep refle.xes in the lower extremities. At times the patient 
had great ditflcuity in emptying her bladder; urination finally became automatic, 
and the bladder was continuously distended. The pulsation of the abdominal aorta 
gradually became less forceful, and the aorta itself seemed tender to pres.sure The 
other peripheral vessels showed no further changes. During the last month of life 
the patient became very pale and somewhat cyanotic. She had periods of faintness’ 
breathlessness, and weakness, and attacks of “.suffocation.” Slie also luul some 
yspiagia, especially for liquids. However, congestive heart failure did not de- 
velop, and her lungs remained clear. Her condition became slowly but progressively 
worse. Her death was not marked by any dramatic event such e.xternaf rupliSe 

of the aneurysm. She died on August 8, 1940, two years, ten months, and eight du'ys 
after the onset of the dissection, ' ^ 


The laboratory findings wi 


normal; two blood counts 
negative. 


ere not important. Numerous urine examinations were 
were normal, and the blood IVassorraann reaction was 
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Autopsy . — Ko remarkable pathologic changes 
the heart and aorta. 


were found in any organs e.xccpt in 


Tile pericardial cavity contained clean visceral and parietal layers. There were 
only a few cubic centimeters of clear yellow fluid, but no free blood was found 
The proximal 5 cm. of the aortic arch were dilated and formed a sacculation in 
the right and anterior aortic wall which projected forward and laterally to the right 
m a large, round knob about 8 cm. in diameter. This formation extended to tlie 
innominate artery and exerted eon.siderable pressure upon it externally. In the 
anterior wall of the aorta, about 3.5 cm. above the aortic ring, a long, jagged, 
horizontel tear formed the entrance to an artificial channel which extended froin 
this point down to the aortic bifurcation and had dissected into the left carotid 
artery. This channel in the aorta was crescentic on cross section; it extended 
through the middle of the elastic laminae of the media separating them widely, and 
from the front of the aorta around both sides to about 5 cm. from the midline 
posteriorly. In practically the same form it extended from the superior tear in 
the ascending aorta throughout the entire length of the aorta to the bifurcation. 
At that point it reentered the original aortic lumen through a horizontal tear in the 
anterior ivall of the aorta just above the bifurcation. Thus, a second channel had 
been formed ivhich extended from the ascending portion of the aorta to the bifurca- 
tion. The blood, wdiich, in coagulating, at one time might have occluded this area, 
had been resorbed. The walls of the artificial channel were smooth and were lined 
with an adequate layer of endothelial cells. The blood had been circulating freely 
through this secondary channel. The original channel w'as patent; only its shape was 
changed and its caliber was reduced due to backward displacement of its anterior 
wall by the pressure of blood in the secondary lumen which lay anteriorly. Neither 
appreciable atherosclerosis nor thrombi ■were found in either of the channels. No 
lesions wmre found in the valves or muscle of the heart. The coronary system was 
patent. 

Microscopic sections of the cardiac muscle showed medium-sized myofibrils sepa- 
rated by slight edema. The endocardium and pericardium were normal. The 
coronary system shorved no appreciable sclerosis. In sections of the aortic wall 
the intima was flat and showed no thickening or infiltration with atheromatous 
deposits. In the media, how'ever, the elastic laminae were deeply stained with 
eosin and showed an acidophilic character wdth some swelling of the individual 
elastic fibers. Between the elastic fibers and laminae a peculiar degenerative ma- 
terial was seen which stained blue with hematoxylin and offered an easy plane for 
cleavage by' manual dissection. No scarring or vascularization of the media nas 
noted. The adventitia was normal and contained numerous patent vasa yasorum 
which showed no sclerosis or endarteritis and carried adequate circulation into the 
aortic wall. In some sections large arterioles and venules extended into the media, 
and about several of these there were free erythrocytes. 


Case 3.“' — J. K., a man, aged 54 years, had dissecting aneurysm of the aorta. 
The duration was twentj'-nine hours. No autopsy was done. 

This patient was seen for the first time at noon on Oct. 19, 1938. He had been 
well and working at his regular occupation of fireman until the previous day, 
about eleven o'clock he had felt sudden severe mid-abdominal pain which had been 
followed by severe pain, tingling, and weakness in the left leg. He had not voim c( . 
The pain had been paroxysmal in character and had not radiated into tlio lac .. 

At time of examination the patient was in extreme pain. He was cold, cyanotic, 
and sweaty. The important findings were limited to the cardiovascular system. 
The heart sounds were good. Systolic murmurs were heard at the base and ip - - 


By courtesy of Dr. E. L. Bruck. 
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dissecting aneurysm 


The rl,Thm was regular, and pul.e was OG 

carotid artery were loss forceful than ni the nght. Ihc left ^ 

nalnable but the right was normal. The right femoral pulse was normal, but the 

was absent. The left leg was coltl and blaneUcd, and no pulses were cheated ,n h 

left foot. , , 

MTthin one-half hour the pulsations in the left carotid, braelual, and rachal 

arteries could not be felt. Systolic and diastolic murmurs were heard m-er the en- 
tire precordium. Blood pressure was 115/74 in the right arm. Severe pain e.ontinued 
for twenty-four hours. Gradually the pulses in the right carotid and brachial 
arteries became smaller, and the patient died in circulatory failure about twenty- 
nine hours after the onset, of sym]itoms. Death may have been the result of a 
rupture into the pericardium or possilily of obstruction of both carotids. Pcnnis.^.ioii 
to perform an autopsy could not be obtained. The, onset and progress of the illness 
in this case were typical of a dissecting aneurysm of the aorta. 


Case 4.*— D. Me., a man, aged 72 years, had dis.seeting iineiiry.siii of the aorta. 
The duration was three hours. Tlicre was terminal rupture into the pericardial 
cavity. 

This patient had been observed for a number of years. He had had rather ex- 
tensive vascular changes due to arterio.celerosis, and his blood jiressure usually bad 
been about 180/100. His past history otherwise was not relevant to his terminal 
illness. 


On May 2, 1930, while the patient was walking across his room, he had .a sud- 
den severe pain at the lower end of the sternum. The pain was felt tlirough to 
the back. Later, pain developed in the right leg. IVhcn he was first seen, ho was 
in shock, had vomited, and was cold, sweaty, and pale. The jnilsc rale was 100 per 
minute. The heart sounds were distant, and a soft systolic mnnaur wn,« heard at 
the apex. There was severe pain in the right leg which was cold. Tlio right femoral 
pulse was absent, Tlio left femoral pulse and the loft fool pulses were present. 
The patient’s condition bocanie progressively worse. A loud systolic, and diastolic 
bruit developed oA-er the upper precordium. The, blood pressure ennld not be ob- 
tained in either arm. The patient died about throe Jiours after onset of tlie dissection. 

Autopsy . — The aorta showed marked atheromatous changes. The dissecting 
aneurysm extended along tiic entire vessel from the aortic riag to the bifureation. 
It communicated AA-ith the lumen through a small iatimnl tear just aboA-e the 
bifurcation of the abdominal aorta. There Avere no other intinml tear.®. Death had 
resulted from rupture of the aneurysm externally into the pericardial cavity at the 
root of the aorta just inside the pericardial reflection. 


CO^tMENT 

Little has been added to the picture o£ dissecting aneurysm of the 
aorta since the report of Peacock," ivho was the first to put our knoivledge 
of this condition on a firm foundation witli a salisfactory and ivell- 
reasoned account of the disease. He recognized that a lesion of the 
media formed the background for llio dis.scetion, but he considered the 
rupture of the intima as the initial .step in the proce.ss. Shennan,"'’ in 
ns comprehensive revieiv of 300 cases with e.special attention to tlie 
pathologic aspects of the disease, also concluded that tlie essential change 
wa^ the media. He found that in most cases tlic media gave way 


♦By courtesy of Dr, E. L. Bruck. 
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before the intima and eoueluded that tlie immediate or excitimr cause 
was a sudden increase of blood pi-essiire due to pliysioal or mentarstrains 
and stresses. 

Our series of cases does not diifer greatly from those previously re- 
ported. As has been noted, the important change is medial degeneration 
with weakening of the elastic laminae of the wall of the aorta. Hemor- 
rhage from, the vasa vasorum into the diseased media may occur; in 
some eases it is extensive and not associated unth an intimal tear. For 
this reason EppingeF® (1887) called the lesion an intramural liematoma 
of the aorta, a term which we believe is appropriate in some instances. 
The base of an atheromatous ulcer is rarely the site of the intimal rup- 
ture. As a rule, the location of the tear in the intima bears no relation 
to disease of the intima but rather depends on underlying medial changes 
in the elastic lamina and on the dynamics of the aortic pulsations. 

Although Shennan stressed the importance of the systolic blood pres- 
sure, he considered the diastolic recoil in the ascending aorta a more 
important factor in the intimal rupture. Elliotson^' (1830) stated that 
the occurrence of a rupture was not necessarily dependent on an eleva- 
tion in blood pressure but that it could be adequately explained on the 
basis of the degenerative lesion of the media. It is interesting to note 
that in our series the blood pressure was elevated in seven and normal 
in nineteen of the eases in which it was recorded. In Case 2, the blood 
pressure was normal a few hours before the onset of tlie dissection and 
on many subsequent occasions the systolic pressure was always the same. 
We believe this supports the suggestion that an elevated blood pressure 
is not essential for the formation of a dissecting aneurysm. 

We have noted two eases in which a small dissecting aneurysm was 
found in the wall of the abdominal aorta. No intimal rupture occurred. 
The aneurysms were silent and took no part in the clinical picture. It is 
probably significant that in both cases the aneurysms were in the 
abdominal aorta. In the ascending aorta tiie same degree of medial 
change Avith hemorrhage and degeneration Avould most likely haA'c 
led to an intimal tear folloAved by the usual course of a dissecting 
aneurysm. JMedial change, systolic stretching, and diastolic recoil seem 
to be the conditioning factors for intimal rupture in the ascending aorta. 

In only tAvo of the sixty-four cases presented in tliis report, uncom- 
plicated syphilitic aortitis occurred. In the nine cases in which the 
presence of syphilis Avas proved either seriologically or microscopically 
adA^anced atherosclerosis consistent in degree with that found in cases 
of dissecting aneurysm Avithout syphilis was also present. 

In thirty cases the patients aa'ctc seen by a physician before death 
occurred; in the remaining thirty-four cases the patients died so sud- 
denly that medical attendance Avas impossible. In seven cases diagnosis 

Avas made before death. 
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Case 2 was of special interest -because the dissect, on developed to g 
pregnancy. The relation of pregnancy to djsseetmg ancmyan 
Jet clearly understood. In a review of the English literature, Meaea<d.3 
and Paiillin^® reported twenty-four cases m females, six of n 
pregnant. This incidence is high, and it is interesting to speculate on 
the relationship of pregnancy to the medial changes that lead to dissect- 
ing aneurysm. 

A number of recent contributions have stressed the importance of 
cystic necrosis of the aortic media to dissecting aneurysm of the aorta 
and also to spontaneous rupture of the aorta. The pathologic pietuie 
of medioneerosis aortae idiopathica cystica was first brought out by 
Brdheim^'’ and more recently in an excellent revieiv by Eoberts.'® The 
high incidence of this medial cliange in pregnancy is noteworthy. In 
Case 2 of this report the medial change was similar to that described 
by Erdiieim although no true cystic areas were observed. In most of 
our series the degenerative medial change was observed in varying degree 
and has been considered an atheromatous type of degeneration. 

The prognosis in dissecting aneurysm is generally poor. However, 
an extensive dissection may lie repaired either by organization and 
fibrosis of the aneurysm and the clot in it or by endothelialization of the 
artificially formed tube which, followung lysis and resolution of the 
clot, may be converted into a physiologic conductor of a fluid stream. 


CONCLUSIONS 


Sixty-four cases of dissecting aneur 3 'sm of the aorta are presented. 
This condition occurs primarity in arteriosclerosis and exceptionally in 
sj'pliilis or in a combination of these. Syphilis is found in most cases 
of saccular aneiuysm but in onlj^ a small number of the cases of dis- 
secting aneurysm of the aorta. In this series of sixty-four cases, it was 
found without atherosclerosis in onty two. 


The point of initiation is a ruptured vas vasorum in a weakened media 
which forms a small spreading hematoma. The process usually occurs 
without demonstrable pathologic changes in the vasa vasorum but rather 
as a disease of the aortic media onl 3 ^ In rare instances the point of 
initiation is a tear in the intima at the site of atlierotic deposits The 
dissection may remain static; on the other hand, it may rupture either 
through the adventitia, with hemorrhage into the adjacent structures 
especially the pericardial cavity, or back into the aortic lumen. 


Directing aneurysm of the aorta is not as uncommon as hospiti 
records indicate. Due to its rapid and fulminating character it fr( 
quently results in sudden death so that hospitalization and mediei 
study are precluded. Furthermore, statistics have been meager becaus 
ofe negligible records of medicolegal and coroners 
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External trauma is not a predisposing factor to tlie production of a 
dissecting aneurysm. 

Elevation in blood pressure is not an essential factor in this condition. 

The antemortem diagnosis of dissecting aneurysm of the aorta is made 
with increasing frequency and will be made even more often if the not 
uncommon occurrence of the disease is kept in mind and its characteristic 
findings are brought out by careful clinical observation. 
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DISCUSSION 


Dr. Aaron Arkin, Chicago.— I have seen a number of ca.“Os of dissecting 
aneurysm of the aorta and wish to make a few remarks about the pathology and 
clinical picture. 

Most of the patients were young adults with marked hypertension. The first case 
which I saw some years ago in Vienna was one reported by Professor Erdho.m in 
his fine work on the histopathologj' of the aorta in these case.s. He described a pe- 
culiar tj-pe of medionecrosis, a non-inflammatory necrotizing proce.^ aflecting le 
media, and producing mucoid cystlike areas of degeneration. 'lall 1 ^ 

medionecrosis aortae cystica. Similar small foci have been found in the aorta 

routine examinations. 
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devdopea torrifc ..brtm.d P«ta «.<1 JM 1« « to"' !«• 

s,p™val™lar tor, will, l.onor.lmgc into IW prr.cpr.ln,,,. ».l l.onrl l.mpon.iflr. 

pu>*.„ .. « 

WMle siwing in ttie liospitai office. Uo dcvelopeil a aea ere pain n 
.Hid, aeon ndlatcd to tie iia.l. et .lie eltot tielivce. Hie alia.lte 1. to. ^ 
next day the pain naa in the upper ahdonien. At the onaet lie cenld ne.tl.er 
nor lie dowTi, and lay in a chair in a scmiTccunihent position. ■ ^ 

The electrocardiogram was practically noniial. His hypertension, profonw 
shock, agonizing pain with radiation down the bade, and normal eloclrocnri logram 
suggested a dissecting aneurysm. 

The disappearance of the pulse in an arm (visually the loft) or in the left 
carotid with the above clinical picture lends support to the diagnosis. The clinical 
picture may resemble an acute abdomen, perforated ulcer, or acute pancreatitis, ns 
well as m 3 -oeardial infarction. X-ray oxainination may bo. of value wben a widen- 
ing of the aortic arch, innominate, or left carotid shadow appears. On the other 
hand, there are cases of slow development with few si'mptomsj these patients maj' 
live for months or years. 


Dr. William.! B. Kountz, St. Louis, Mo. — I should like to say a word about 
hj’pothj'roidism and this condition. IVhon the fever of taking out tlij’roid.s for 
the relief of heart disease was at its height, in our clinic, four cases had thyroids 
removed. All of these patients were j'oung individuals and had severe hypertension 
and impending cardiac failure. 

The first two patients died with ruptured aorta.s six moiith.s after flic operation. 
Because of tliis, the other two were put on thyroid. One, the tliird case, lived for 
two and a lialf years, and fiiinll.v, on her own initiative discontinued flij’roid treat- 
treatment; she died six or eiglit months inter, witli a ruptured aortic, aneurr'sm. 
The fourtli patient is still living under pressure of thyroid therapi'. 

Our pathologist, Dr. Robert Moore, diagno.^cd the .slides as being, as Dr. Arkin 
has suggested, Urdlieim’s disease or a cystic necrosis of tlio aortic muscle. 

I should like to ask the essaj'ist if anj* of these cases, ospccialK' the cases he 
had a chance to follow, showed any hj-pothyroidism cliiiioallv. 

It is possible to demonstrate muscle degeneration in animals b\- taking out the 
thyroid. I had never seen ruptured aorta in animals, but aortic degeneration ocxiirs. 
Dr. David Barr has reported a ca.se of clinical m.vxodema since oiir experience 
with induced hypothyroidism in Jlay with a basal metabolism of minus 30 . In bis 
case there was degeneration of the aortic muscle and also of the smooth muscle of 
the intestinal tract. 


Dr. Eugene S. Kilgore, San Francisco.— Dr. Mote and Dr. Carr have done well 
to introduce tlie subject of dissecting aneurysm, which, as they show, is less rare 
t ian is commonly supposed. The condition lias only recently begun to be diagnosed 
chmcally, and certain details of the clinical picture still need clarification. Two .sudi 
details are especially worthy of attention by those wl.o report cases 

"i: -r “r “z r 'C:r 
srr Br,:r:Lzr. r;L:'ir:r:,:T:x K-r 

. -bio. Mffitoton roportob .„e ...o „< . 
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he was removing an overcoat. Shennan dei=cribecl one wl.osc attack bomin wl.ilo be 
was swinging onto a bus, and anotl.er who was tolling a boll. All are instances of 
mild e.Yercise, but suggest contortion of the thorax as a precipitafimr cause of dissee- 
tion. Other histories, like that of Dr. Mote’s patient, clearly exclude such a factor 
but the bulk of the published ease reports leave the question of strain unanswered! 

The other detail needing more exact de.scription is the character of the pain as 
distinguished from its location, es])eci.ally the presence or absence of throbbiim. 
This was denied by two patients recently seen and was described bv another at 
mine and by a patient of one of my colleagues. But the information ‘was obtained 
only by direct questioning, and it seems not improbable that throbbing has often 
been present when not mentioned in case reports. For it is ea.sy to understand a 
rhythmic aggravation of pain when successive j)ulse waves are splitting the aorta 
bit by bit or stretching the newly formed aneurysmal cavity, and it is possible that 
throbbing pain will be found to be a significant symptom of advancing aortic dis- 
section. 


Dr. Maurice S. Jacobs, Philadelphia . — A week ago yesterday, I had the sad 
duty to go to the funeral of my cardiac chief in Philadeliihia, who died of a rup- 
tured dissecting aneurysm. 'iVe had known for about two years that he had dis- 
secting aneurysm following hypertension of many years’ duration. He had been 
invalided because of progressive cardiac anoxemia, with minor episodes that from 
time to time suggested acute myocardial infarction. 

The interesting thing was the unusual site of that rupture, which was posteriorly, 
and into the esophagus, resulting in massive hemorrhage. As fast ns he could got 
blood by transfusion he lost it. He finally died five da3’s after the sudden rupture 
which occurred while he was absolutelj- quiet in bed. 


Dr. Clough T. Burnett, Denver Colorado. — Those discussing the paper have not 
mentioned the recurring t.ypc of pain which occurs in those people who do not die 
in the initial attack. 

A restaurant man in the late fifties, who had been known to bo moderately 
hj^pertensive, attempted to carry' a light coffee urn. He had a terrific pain, was 
in shock, and was considered to bo in an attack of coronary thrombosis. 

He was in such extreme shock that the initial examination was limited mainly to 
the heart. His jiain disappeared for probably six or eight hours!, but recurred 
over a period of about five days. Each time the pain was a little more sc\cro. 
With repeated bouts of pain, there was at no time any E.K.C. evidence of coronary 
occlusion. About the third day, when I saw him in consultation, it was noted that 
he had a dullne.ss in the left chest, without associated symptoms or signs that 
would indicate pneumonia. He did not have temperature elevation, but .some 
leucocj'te increase. X-ray examination suggested left upper lobe pneumonia. 

In an attempt to determine what this dullness might represent, a needle was in- 
troduced and pure blood was obtained. He died about five days after the onset. 
Autopsy showed a dissecting aneurysm probably S cm. in length, finally perforating 
into the left pleura, with an enormous amount of blood in the left upper p ciira. 


Dr. Drew Luten, St. Louis.— ^Uthough at present dissecting aneurysm of the 
aorta is regarded as almost invariably fatal, and it is indeed almost impossible to 
make an unequivocal diagnosis without autopsy, yet in view of the fact that here 
and there cases are observed in which the patient later is shown to have survived 
the question must arise whether future years will not witness a considerable incrcas 
in the number of patients who do not succumb. 
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While o.e eo.ld h.rdly exT«t the n,.,ln1lt,v i. aieeee.ies ““'r"’ 
than very high, yet subsequent years may in some degree duplicate the In. 
coronary thrombosis in ^vhich earlier conceptions of the mortality have hat s ei t J 

to he revised downwardl)'. ,..i„.nipr 

In the case with restricted blood flow in the renal artery I am not sure uhct 

Dr. Mote stated the blood pres.sure. I should like to ask him what the blood pres- 
sure was in that case. 


Dr. Herman E. Pbarse, Eochester, N. Y . — This discussion has pertained to dis 
secting aneurysm in a diseased arterial wall. I merely wi.sh to say that it is iio.isible 
with traumatic rupture of the aorta to anticipate a differeiil eour.^e of event.« and 
perhaps a better prognosis. The basis for this statement is from the observation 
in aortic surgery that it is almost impossible to keep a small wound of the aorta 
open long enough to have e.vtravasation of any magnitude. It is impossible, to 
produce dissecting aneurysm in a dog because of the rajiid healing of the vessel. 

In patients whom I have seen with api>arcnt dis.sccting aneurysm due to traumatic 
rupture of the aorta there has been no sign or symptom of diflieully from tlie lesion. 
One individual lived a week and then died of jmciiinonia in a traiiimitized lung; 
at post-mortem examination his aortic lesion was rajiidly healing. Thu.s in the 
healthy, undiseased aortic w.all, one ina\' anticipate a jiietiiro simulating di.ssocting 
aneurysm but having a ditlcrcnt cour.se. 


Dr. T. J. Dry, Rochester, Minn. — I wish to add to the di.seiission one .synifdoiti or 
group of symptoms to which no reference has been made thus far, namely, Iho.so 
symptoms referable to the central nervous sy.stem. Tliese consist of tran.sitory 
weakness and paresthesia noted in the upper extremities. These are due to temporary 
interference with the blood supply to the spinal cord. It will be remembered tliat 
the spinal cord receives part of its blood supply from the intercostal ves.sels .and 
during the dissection of the aorta those may be intcrrupled. A( a later date the 
same evidence may occur at lower levels witli symptoms concspondiiig to the spinal 
segments involved. This group of .symptoms may be very helpful in the diagno.-is of 
some of these cases. 


Dr. Clayton D. Mote, San Franci.sco, Calif.— I am, indeed, graleful for the dis- 
cussion. Many points are brought out that have been impo.s.-ible for me to mention 
tills afternoon and time will not allow delailcd discussion now. 

Dr. Yater brings up a practical point in ditrcreulial diagnosis. 1 believe the 
location of the initial pain is very important in the difToreutiation of saddle embolus 
and dissecting aneurysm of the abdominal aorta. The pain of saddle embolus is in 

the wall of the aorta and appears in the back, abdomen, or Ihora.x. As the dissection 
progresses and occlusion of an iliac artery .sub.sequenlly occur.s, pain appears in the 
legs and is indistinguishable from that of a .saddle embolus. II'-"' 

We have not noted the association of mvxedoma 'mR Ai'ccn,.*- 



THE INCIDENCE OP HEART DISEASE IN ]\IEXICO 
A Study op 2,400 Cases of Organic Heart Disease 

Ignacio Chavez,^ M.D. 
j\Iexico City, Mexico 

OEVERAL statistical studies on lieax’t disease have been publislied 
recently. Those from the United States, England, Czechoslovakia, 
and Argentina are particularly extensive and interesting. They inquire 
into the real importance of the different causes of organic disease of the 
heart and are intended to help the physician make an etiologic diagnosis 
in each case and to learn something about the prevention of heart disease. 
In order to appreciate the importance of the many possible causes, it 
would be very helpful if all countries would contribute their owm statis- 
tics. The significance of factors such as race, climate, kind of work, and 
living standards, in increasing or decreasing the effect of universal 
causes, would thus be made apparent. 

Mexico has not yet pinduced sueli a report, and this paper attempts 
to fill the gap by presenting tlie results of my personal experience. As 
will be seen, many of my data are similar to those from other countries, 
but some are entirely different, particularly with respect to diseases 
which affect the Indian race. 


material 


I have taken 726 cases from the cardiological service of the Gener.al Hospital. 
These patients were admitted during the last ten years. They were examined clin- 
ically, roentgenologically, and electrocardiographically, and laboratory studie.s wore 
made in an attempt to ascertain the etiology in each case. To these I have added 
1,674 private patients who were examined in the last five years; practically all of 
them were subjected to the same kind of study. Occasionally, in cases in which the 
diagnosis seemed obvious, no laboratory data were obtained. All of the 2,400 
patients had demonstrable organic heart disease, except those with hypertension 
and thyrotoxicosis, who, for obvious reasons, were included. Patients with “func- 
tional” or neurotic cardiac complaints, who, as is well known, never develop heart 
lesions, were intentionally excluded. 

In evaluating the results, it is important to note that the hospital jjatients were 
from a charity ward, and belonged to a very low income group; they were of mixed 
Indian and white blood (mostly Indian), or pure Indian. Some were farmers and 
others were city laborers; all lived under poor hygienic conditions. Ihe private pa- 
tients, on the other hand, were a heterogeneous group of pure whites and mixed 


Presented at the seventeenth meeting of the American Heart Association, Cleveland. 
Ohio, May 30, 1941. , ^ , 

•Professor of Medicine, University of Mexico. Piiysician in Ciiargc of tlio Cardioiog- 
ical Service, General Hospital. 
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races of all kinds 

the city and country. Their econo 

those of the other group. 

1 



//?aWe/^c(=’ c/fc<?r^/(?/?ffmes h^^/co. 


of ^ (//senses 


Table I and Chart 1 summarize the incidence of the various kinds of 
heart disease. The distribution in the two groups is somewhat different, 
particularly Avith respect to rheumatic heart disease and hypertension. 
It will be seen that the former Avas tAvice as common among the hospital 
patients, AAdiereas the incidence of the latter Avas seven times greater 
among the private patients. This deserves further discussion. 
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Table I 



PRIVATE 

PATIENTS 


HOSPITAL 

PATIENTS 

PER CENT 

TOTAL 

PER CENT 

Eheumatic heart disease 

539 

32.1 

447 

G1.5 


4],0 

Bacterial endocarditis 

9 

0.5 


— 

■ra 

0 4 

Syphilis 

147 

8.8 

123 

16.9 


11.2 

Arteriosclerosis 

551 

32.9 

128 

17.6 

679 

28.3 

13.6 

Hj'pertension 

309 

18.4 

19 

2.6 

328 

Congenital heart disease 

34 

2.0 

9 

1.2 

43 

1.8 

Thj'rotoxicosis 

35 

2.0 

- 

- 

35 

1.4 

Miscellaneous (cor pul- 
monale, anemia, cause 
not ascertained) 

50 

3.0 



50 

2.0 


1,674 

99.7 

72G 

99.8 

2,400 

9.9.7 


Private patients 1,G74 

Hospital patients 72G 


Total 2,400 


tHHRf#2 

RheumoHsm. 
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RHEUMATIC HEART DISEASE 

The incidence of ilieumatic heart disease in tlie 
per cent, which is about the same as that reported by e an , 

in Boston (39.5 per cent), Wyckoif and Lingg.^ m New hork (42.< pci 
cent), Coombs," in England, and Bvmnlik,’' in Prague ( 
cent), but is lower than that reported by Ormhaug, m Norway (oO.b 
per cent). However, it is significantly liigher than that encountered by 
Cossio," in Argentina (17.9 per cent, leaving out "functional” heart 
disease), and nearly four times as high as tliat reported from Texas by 
Schwab and Schulze® and Stone and Vanzant' (10 per cent in the while 
race and 3.6 per cent in Negroes). This incidence of 41 per cent, which 
is approximately as high as the highest in the world, destroys the myth 
that rheumatism is a rare disease in tropical or semitropical countries. 

The incidence of rheumatic heart disease among the hospital patients 
was enormous (61.5 per cent) ; I know of no higher figure. It indicates 
not only a relative, but also an absolute, increase in the prevalence of 
the disease. The relative increase resulted from the scarcity of hyper- 
tension in the hospital group. When the latter is excluded, all of the 
others increase, but, even so, the incidence of rheumatic heart disease is 
disproportionate. The reason is not clear, but one wonders wliether 
racial predisposition, poor hygiene, and the prevalence of chronic ton- 
sillar infections among hospital patients may be factors. 

The sex incidence among the hospital patients (males, 187; females, 
260) and private patients (males, 219; females, 320) was exactly the 
same (males, 41 per cent; females, 59 per cent). Chart 2 .shows that the 
peak of incidence occurred in the third decade. 

CARDIO'AOBTIC SYPHILIS 

Chart 3 shows that the incidence of .syphilis was about twice as high 
among the hospital patients (16.9 per cent) as among the.: private pa- 
tients (8.8 per cent). The mean incidence (11.2 per cent) is higher than 
that in the northern part of the United States (2 to 7 per cent), Czecho- 
slovakia (4.1 per cent), Argentina (6 per cent), and England ’(6.5 per 
cent), and lower than that in the southern part of the United States, 
where it is 15 to 31 per cent among Negroes. In Mexico, as elsewhere’ 
males predominate in a proportion of about 3 to 1. ' The peak of in- 
cidence occurred in the fourth and fifth decades. 

Of these 270 patients, 60 per cent had aortitis and valvular lesions 
6.2 per cent had aortic aneurysms, and only 72 per cent gave positive 
eiologie reactions. These figures are similar to those which emer-ed 
Horn my analysis,® several years ago, of 132 cases of syphilitic aortitis 

hypertension 
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previously mentioned, between the private patients and liospital pa 
tients (18.4 per cent and 2.6 per cent, respectively) does not tell the 
whole story. It is well knovm that patients with lijnertension who have 
no symptoms of coronarj^ disease or of arteriosclerosis in other organs 
are not likely to be hospitalized. Furthermore, we meet with tlie diffi- 
culty in classification which was so well pointed out by White and 
Jones, ^ namely, that the patients Avith hypertension and arteriosclerosis 
have to be included Avith the pure hypertenswes. Therefore, to the 328 
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tlie incidence of liypertension ranged from 50 to 57 per cent, and 
tlial malignant hypertension was imusually common. 

Among onr Indians the situation is just the opposite. I have said 
that our hospital population is made up of mixed-blood “mestizos” 
(who arc mo-stly Indian) and pure Indians. Their food and hj^gienic 
conditions are poor, but in this instance these factors do not seem to 
play a role. I am inclined to think that there is a racial factor which 
operates through a nervous mechanism. For centuries the Mexican 

€HRRT4^4 

Qvterial Huperhnsion 
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pectoris, and coronary occlusion. Those who think that a nervous 
mechanism is an important, if not the sole, factor in the pathogene.sis of 
these diseases may possibly find support for their point of view in this 
peculiarity of the Mexican Indian. 

It would be interesting to know whether the Indians of Central and 
South America— and perhaps those of the United States— enjoy the same 
immunity, and to follow the Mexican laborer who stays in the United 
States for a long time, to see how he fares with respect to hyiiertension, 
angina pectoris, and myocardial infarction. 



Chart 5 shows the incidence of arteriosclei'osis, witli and witliout li.vper- 
tension. The mean is similar to that in other countries. It shou d be 
noted that the incidence among the private patients was almost twice 
that in the hospital group. Tlie males predominate, 3 or i io 1. J^i U 
per cent of the arteriosclerotic patients also had hypertension and the 
proportion was higher among the private jiatients (56 pei cen 
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the hospital group (26,5 per eout). The iucide.toc ot arteriosclerosis 
among oiir Indians is not much lower than in otlier connlries, and t mt 
is wliy the extreme infrequency of hypertension, angina ])ectons, and 
coronai'y thrombosis is so striking. 

Chart 6 summarizes the incidence of llic various kinds of heart disease 
in the different decades of life. In the first two decades, rheumatic and 
congenital heart disease predominates, whereas, after tlic age of ()0, 
arteriosclerosis and hypertension preponderate. 

i CHRRTM 



! Coitfpujfo} 

SypMIis L 
Ryypr/pnah/: , 


40 50 SO-60 60 70 70'S0 
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the last five j^ears. Leaving out disturbances of nervous origin, Table II 
gives the incidence of the various lands of heart disease. 

Table II 


NO. OF CASES 

PER CENT 

Elieumatic heart disease 

986 

41.0 

Bacterial endocarditis 

9 

0.4 

Cardio-aortic sj'philis 

270 

11.2 

Hj^pertension 

328 

13.6 

Arteriosclerosis 

679 

28.3 

Congenital heart disease 

43 

1.8 

Thyrotoxicosis 

35 

1.4 

Miscellaneous (cor pulmonale, anemia. 

50 

2.0 

cause not ascertained) 



Total 

2,400 

99.7 


2. The fact is emphasized that in Mexico, with its diversified, biTt pre- 
dominantly semitropieal, climate, rheumatic heart disease is as prevalent 
as it is in England and the northern part of the United States. At- 
tention is also called to the enormous incidence (61.9 per cent) of rheu- 
matic heart disease in the poor and the Indian population (either pure 
or Avith a little admixture). This figure is probably not exceeded in any 
other country. 

3. Pure hypertension is A'ery I’are among the poor and Indian popu- 
lation. The incidence Avas 2.6 per cent, and rose to only 7.3 per cent 
Avhen the arteriosclerotic eases Avith hypertension Avere added, Avhereas, 
among the private patients, AAdio AA^ere pure AAdiite, or “mestizos” Avilh a 
little Indian blood, the incidence Avas 36.9 per cent. It is suggested that 
the sloAV and unharassed life Avhich the Mexican Indian has lived for 
centuries explains this disproportion. 
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DISCUSSION 

De. George Herrmann, Galveston, Texas.-We are certainly most deeply in- 
debted to Profe.ssor Cliavez for mahing the long trip to bring to ns the.=e Ftnking 
original statistics. Tliose of us rvho have visited Hr. ChiiveE in Xlexico have enjojc 
his gracious hospitality and have been impressed by his demonstration-s and oi- 
servations. 

I have made many holiday trips to Mexico to learn the "niauana attitude-’ as a 
preventative for hypertensive disease, and al.-^o to learn from Profcs.^or Cliavez the 
story of rheumatic carditis in Slexico. This prompted our comparative .study, recently 
interrupted by illness but partially presented at Boston, of tbe matter of riieuinatic 
carditis in various localities in tbe South. 

From autopsi- studies vre learned of the relatively bigli incidence of riieuniatic 
carditis at Atlanta (3 per cent, Claybourne and Wolfe). In XTew Orloan.s, bctivccn 
1920 and 1930, the figures were about tbe same, about 3 per cent, but in tlie last decade 
the autopsy incidence has dropped to about 3.5 per cent, according to Baker and 
Houlebek. In Galveston, the percentage was found to be 0.8 per cent. Traveling 
further west, to the El Paso area, and the plateau in west Texas, which is an ex- 
tension northward of the Me.vican plateau, we find a definite increase again in rheu- 
matic carditis. This reaches through the Te.vas panhandle into the Rocky Mountain 
region, where there is much rheumatic carditis which Hr. Burnett could tell us more 
about. The altitude, I believe, must be a factor in that. 

We hare noted in our series that about 50 per cent of the patients have come 
from outside Galveston, Texas, and the .Southwest, and second, that the average age 
at death of our rheumatic cardiacs is considerably biglier than clsewberc. 

Is the rheumatic patient, after he comes to the Southwest, doing better? Ap- 
parently he lives longer. Is there not a possibility that the disease often heals com- 
pletely in the .Southwest? 

I do not think that we can emphasize too much the significance of the studies 
that Dr. Chfivez is making. His Institute of Cardiology is certainly the broadest in 
its scope in the hemisphere, and prob.ably in the world. It is an ideal concept which 
we should emulate. It will probably continue to furnish us u-ith important data on 
the etiologv-, epideraiologv-, social side, and many other phases of cardiovascular 
disease. 


Dr. T. Ddckett Jones, Boston. — With Dr. Herrmann, I would like to add my 
congratulations and thanks to Dr. Chsivez for coming so far to give us this interesting 
information. The data seem more pertinent to rheumatic fever and rheumatic heart 
disease than to any other phase of cardiovascular disease. 


It is a paradox, as pointed out by Dr. Herrmann, that, as one proceeds south of an 
area where the incidence of rheumatic heart disease is low, one finds this verv higli'in- 
cidence reported by Dr. ClvJvez. Many little understood, possible explanatory 

ZTnTrr - e^ryeral, latitude, altitude, and the in- 

of the cbmeal patterns of hemoMie streptococcus infection. Regardless of 
what Ideas one has concerning the etiology- of rheumatic fever, there seems but little 

the ini if - f""" fever follows verv doscly 

the epidemiolog}- of hemolytic streptoeoeens infections, ' ^ 
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are rapidly having to change our ideas concerning the epidemiology of rheu- 
matic fever. For instance, Dr. Paul has reported the highe.<=t known incidence of 
rheumatic heart disease among the Indian school children of Montana and Wvomin<T 
Previous ideas that there was a high incidence only in damp areas or at low altitud'e 
are hence untenable. This report helps stress the need of more extensive and com- 
parable epidemiological studies. 

I should like to ask Dr. Chavez what the general picture of hemolytic streptococcus 
infection is in Mexico City. Are there many eases of scarlet fever, otitis media, 
tonsillitis, and pharjmgitis? These considerations seem very vital to the problem. 

Dr. Chavez ’s report of this high incidence of rheumatic heart disease in Itlcxico 
City indicates that there must be an even higher incidence of rheumatic fever. 

Professor Ignacio ChAvez, Mexico City, Mexico. — -I said in mv paper that I 
reserve for another study an analysis of the data on rheumatic heart disease, hyper- 
tension, and so forth. I presented here onlj" the statistics. That is the reason I 
did not treat some of the points touched on by Dr. Herrmann and Dr. .Tones. 

It is true that, as Dr. Herrmann says, there is a good reason for the high incidence 
of rheumatic heart disease in Me.xico Citj'. The altitude is very high, about 7,000 
feet. The climate is not tropical. We enjoy a very pleasant winter and summer. 
In fact, we can say that there is no ivinter or summer. 

In the General Hospital at Mexico Citj"^ there are people from all parts of the 
country, not only from Mexico City. Here in Cleveland you have a preponderance 
of patients from Ohio, and, in Boston, I think you have patients from the New 
England, states. But in Mexico City it is different. There we have patients from 
all parts of the country. Of course they are more numerous from the states that arc 
near Mexico City, but it is a coincidence that these states are almost all in the 
high plateau. It is the same altitude and the same kind of climate, and that is 
the great cause, I think, of this tremendous incidence of rheumatic heart disease. 

Also, among our poor classes the incidence of infections of the throat is very, 
very high. We were astonished rvhen we studied the frequency of chronic 
tonsillitis at autopsy. Professor Costero, one of the pathologists from Spain ulio is 
working with us in the cardiologic studies, told me that he was surprised to see 
the enormous number of chronic infections of the throat in the hospital patients, as 
compared with the incidence in Europe. 

Perhaps that is a real factor in this tremendous incidence. Between 80 and 90 
per cent have chronic infections of the tonsils at autopsy. 

There is a third reason. As I have said, the Indians do not have hypertension, 
and there is not a high incidence of arteriosclerosis among them. All the rest in 
the statistics is for rheumatic heart disease and .syphilis. 

I shall try to give more details in an analytical study of each of these four 

larger groups later. 



THE SIZE OF THE HEART AS A GUIDE TO THE 
TREATMENT OF ADDISON’S DISEASE "WITH 
DESOXYCORTICOSTERONE ACETATE 

Thomas H. !McGavack, M.D. 

New York, N. Y. 

A n INCREASE in the size of tiie small heart characteristic of un- 
treated Addison’s disease has been observed following adequate 
hormonal therapyd This change is reflected in teleroentgenograms 
which show a rising cardiothoracic ratio (C. T. R.), an enlarging ironla 
cardiac area (F. C. A.), and an expanding heart volume per square 
meter of body surface (H. B. S.). In the absence of satisfactory 

criteria for determining the maximum safe therapeutic dose of desoxy- 
corticosterone acetate, cardiac size has been studied in relation to the 
condition of the patient while under treatment with the drug. As a 
result of these studies, it seems possible to formulate a definite plan 
of management in which the changing size of the heart acts as an 
indicator for the amount of sodium and desoxycorticosteronc acetate to 
be employed in the individual patient at any given lime. 


JIETHODS AND RESULTS 


The study is based upon the ob-servation of eleven patients with Addi- 
son’s disease, of whom seven have been treated with desoxycorticost crone 
acetate* for periods varying from ten weeks to two and one-half years. 

The cardiothoracic ratio, frontal cardiac area, cardiac volume, surface 
area, serum sodium, and serum potassium w'ere estimated by methods 
previously described.^ Gomeau and White*’ ^ have called attention to the 
many potential factors of error present in any mensuration of the heart 
in vivo. Time of day, position, and relatioirship of food ingestion are im- 
portant. In serial teleroentgenography of the heart, several points cannot 
be overemphasized : (1) Tube distance iimst be aecui'ately measured. (2) 
The tube must be accurately and consistently centered over the .same 
spot whenever examinations are repeated. (3) The same phase of 
respiration must be used in the taking of all pictures (the very end 
o£^eep inspiration). The last factor is the one most often not fully 
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controlled. J\Ieasurements are useless unless it is carefully checked 
The difference between expiration and inspiration is made obvious bv 
a single example (Table I). 


Table I 


STAGE OF 

cardiothoracic 

FRONTAL CARDIAC | 

heart volu.me per 

RESPIRATION 

RATIO 

AREA 

M2 BODY SURFACE 



(SQ. CM.) 

(c.c.) 

Inspiration 

0.46 

131.S 

^ 546 

Expiration 

0.35 

102.3 

426 


In order that we may be sure two films are comparable, one may be 
superimposed upon the other ; or* the number of ribs above the diaphragm 
shadow may be counted ; or the distance from the first rib to the sliadow 
of the diaphragm in the midelavieular line may be measured. Variations 
up to 1 cm. in this last measurement maj’’ be disregarded. Moreover, 
the changes in the size of' the heart are so striking that at times larger 
errors of method can be ignored. 

Of 107 observations of cardiac size, eleven were made during crisis or 
impending crisis; eighteen, during cortical insufficiency without crisis; 
seventy-five, during periods of stabilization under adequate therapy; a?id 
three, when signs of toxicity from overdosage with desoxyeorticosteronc 
acetate were present. The usually accepted clinical criteria for the 
fully stabilized patient are a sense of well-being with return of a greater 
part of former vigor, a sloiv, steady gain in weight, a return of appetite, 

. and a rising or well-sustained blood pressure. Crisis or impending crisis 
has been recognized only in those patients in whom salt and water 
balance has been disturbed sufficiently to effect a reduction in blood 
volume. 

Table II 


Eange of Values op Cardiac Measurements in Patients 'With Addison ’s Disease 

(107 Observations) 


STATUS OF 

PATIENT 

NO. OP 

OB- 

SERVA- ■ 

C.T.K. 

F.C.A. 

(SQ. CM.) , 

HEART VOL./M2 
body SURFACE 
(C.C.) 

TIONS 

RANGE 

AV. 

RANGE 

AV. 

ilvnge 

AV. 

Crisis or impend- 

11 

0.25-0.36*^ 

0.328 

57.6- 92.0* 

76.8 

208.1-383.7 

302.4 

ing .crisis 
Insufficiency 

Full stabilization 
Overtreatment 

18 

75 

3 

0.32-0.45 

0.40-0,51 

0.51-0.5S 

0.370 

0.435 

0.546 

79.0- 100.0 

95.0- 143.0 
141.0-143.0 

88.5 

117.1 

141.7 

277.4-406.4 

337.8-603.0 

025.1-093.0 

307.9 

455,8 

004.5 


Except flat chests. One patient in impending crisis VJi 

tiio Lnriyniiini dentil -riiameter Was only t.O cm. so that tlie heart %oliinic (— 


but the horizontal depth diameter was only 
c.c.) was actually much reduced. 


Results are summarized in Table II. While tliere is considerable 
overlapping of values from one adrenocortical state to the oilier m such 
a composite chart, the average figures are sharply separated. iAloreover, 
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if the course of a single patient is followed by serial cxaniinalions, there 
is no confusion of values whatsoever (K. K., Talilc III) : 


Tabia: III 

Cardiac Mensuration in Various Phases or Addison’s Disease (Case K. K.) 


C.T.R. 

1 P.C.A. 

1 HEART V<)I„/m2 H.S. 

Crisis or Impending Crisis 

0.25 

57.0 

208.1 

0.26 

74,2 

20.3.0 

Insufficiency 

0.32 

83.8 

290.2 

0.38 

79.0 

277.4 

0.34 

92.4 

.322.0 

Stahilization 

0.42 

110.0 

371.9 

0.39 

101 .8 

3.37.8 

0.41 

11.3.0 

.37.9.7 

0.42 

119.0 

385.3 

0.40 

113.8 

439.0 

0.50 

134.8 

52S.0 

0.43 

143.4 
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Two factors primarily involved in increasing the- size of the i.eart i„ 
the patient with Addison’s disease under adequate treatment with 
desoxycorticosterone acetate are the amount of drug itself and the 
amount of sodium ingested. If the daily intake of sodium is kept eon- 
stant, then the size of the heart will vary directly as the amount of 



Fig-. 2A . — Case E. M. The teleroentgenograms (Fig. 2A and R) illu.strato the fact 
that either the intake of sodium or desoxycorticosterone acetate nuiy be varied ivitli- 
out appreciably changing the size of the heart just so Jong a.s the product of 
remains constant, according to the formula Na. X H = K- A. r%a _ C Gm. , — i.-i 

mg. ; and K = 45. 


desoxTcorticosterone aclmini.sterecl (Fig. 1). Conversely, if the same 
amount of hormone is supplied from day to day, the cardiac me.i.sin e- 


ments will vary directly as the amount of sodium given (Fig. 1). The 
technical difficulties encountered in accurately mea.suring the lieart liave 
thus far made it impossible to expre.ss the above facts mathematically, 



.,CG*VACK. 01- AOmSOS-G ..OO-W, 


1(0 


but it would appear that a Ma , ooiU'.'rned 

tar as multiple estimatious m caeh ol a senes ol 1 

(Fig-D- 




£.M 

yV 6 «\.^K^ 


30 . O OT»\ 

C.T o.4\ ^ ^ ^ ^ 

Uv.Vol^*\u« Wv.Mol jn’ S43 


cx 


Fig. 2B. — Cnpf K. 'M. Xji “ 1.5 Om. ; P zr; ao mg..' »nc) IC rr. i:,. 


It is evident tlial llio absohilc valmes for citimr in^rsled sodium or 
desoxycortieostorono aeotale, resj)eetivcly, are not as importatit i>i in- 
fiuencing cardiac size in the Ireatenl j)a(ient as tiie interaction of the two 
in definite proportions. Katios used in six i»atients and lln-ir relation- 
ship to the clinical condition of the patient have been recorded in detail 
elsewhere.'''’’' Slightly different ratios are satisfactory in different 
patients, but in one and the .same patient a nearly eonslant cardiac, si'/.e 
can be maintained within limits on a constant })r()dnct of .sodium and 
desoxycorticostcronc acetate according to l))e foi-mula Na (Cm.) x 1) 
(mg.) = K, where Na reprc.senl.s the daily intake of .sodium in grams, 
D is the daily dose of deso-xycorticostorone acetate in milligram.s, and 
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K is a constant. Variations from patient to patient in tlie value for 
K are inevitable and depend upon the degree of functioning cortex 
present in the given instance. 

In foul patients, the sodium and desoxycorticosteronc acetate have 
been varied in relation to each other over considerable periods of time, 
in such a way, however, that the value for K in the above equation for 
a given series of observations has remained stationary. The results are 
recorded in Table IV and are illustrated by roentgenograms of patient 
E. M. (Pig. 2 A and B). 


Table IV 

Results of Varyixg Soniujr and Desoxycorticosteuone Acetate jn Relation to 
Each Other While the Product Remains Constant 


(Eacli ratio of Na and D was used for a niininuiin of three weeks) 


PATIENT 

Na X D 

daily intake of 

C.T.R. 

F.C.A. 

(SQ. CJI.) 

HEART VOL./ 
M2 BODY 
.SURFACE 
(C.C.) 

Na (GM.) 

D 

(mg.) 

A. In Chronic Insufficiency 

K. K. 

30 


2.5 







5.0 


BE 9 




WBaM 

20.0 



J99i 

B. In the Fully Stabilized Patient 

Iv. K. 

45 

1.5 


0.43 

143.4 

550 



3.0 


0.40 

129.0 

530 

E. M. 

45 

9.0 


0.42 

IIS.S 

50(i 



0.0 


0.42 

115.4 

532 



1.5 


0.41 

129.0 

543 

J. F. 

45 

9.0 

5.0 

0.45 

112.0 

500 



3.0 

15.0 

0.43 

122.0 

524 

K. G. 

45 

0.0 

7.5 

0.41 

101.3 

442 



3.0 

15.0 

0.40 

97.S 

420 


D, Desoxycorticosterone acetate; C.T.R., cardiotlioi'acx I’atio; F.C.A.. frontal 
cardiac area. 


DISCUSSION 

One of the main problems in the satisfactory management of Addi- 
son's disease today is tlie establisliment of I’eliable criteria b.v whicli 
•the adequacy of treatment can be .iudged and by which complications 
may be avoided. Comment on criteria in common use will serve to show 
that they have too frequently been misleading, whereas the size of tlie 
heart has with one exception been informative. 

1. A Sense of Well-Being on the Part of the Patient.— Vniil tlie use 
of desoxycorticosterone acetate, a sense of well-being was looked upon 
as one of the most useful criteria for gauging adrenocortical therap.y. 
However, the recovery of the patient under the best of treatment, is 
punctuated by periods in which he feels much as he did during the state 
of insufficiency or the impending crisis existing before tiierapy was 
started. The symptoms of such a slate are also to be observed wlien 
too much desoxycorticosterone is being used.«> " Tlie difficulty is well 






















MOOATMK; TKMMEST of AnOISOM’S DISEASE 10'> 

illMstratod by Case K. & Avho 


\jr,, wiiu * 

voDAitbAS. aAiovaxia, — 1 „,.<l 

The paliciil 


extreme weakness. The blood pressure wi 

potasaiiiAa Avars 273.2 aiAd 8.5 AAig. per aerd, raspaalivaly. ■ ■— 

Avaa given a diet containing 3 Gin. o( sodinni and 6 C.m ot pol.i.ssitin 
daily, and a dose of 15 mg. desoxycortieoslerone acetate daily. _ 

At the end of three weeks, during which there had been .steady im- 
provement, nausea, vomiting, faintness, and weakness 
blood pressure wliich had been above 100 was observed at 94/62; blood 
serum sodium and potassium were 344.7 and 11.8 mg. per cent, respec- 
tively. It was feared that these toxic signs were due to overtreat iiient 
until roentgenograms of the heart revealed a cardiothoraeic ratio of 
0.37, a frontal cardiac area of 82.0, and a heart volume per square meter 
of bod}’’ surface of 366 c.c. When these values were compaicd witli 
previous hims of the chest, it was obvious that these ineasiircments 
indicated cortical insufficiency. Therefore, the dose of synthetic hor- 
mone was raised to 20 mg. daily, Avhereupon the jiaticnt began again to 
improve. When the patient wa.s fully stabilized some three weeks later, 
a maintenance dose of 15 mg. daily Avas established. Had this patient, 
not been studied roentgeiiographically, the drug would have been discon- 
tinued or insufficiently used, and its use looked upon as a complete 
failure. Under adequate dosage, she has resumed her usual life, in- 
eluding attention to all her duties as a housewife. 

2. Gain in Weight . — If the gain in weight is gradual, it may usually 

be looked upon as an indication of improvement. At times, hoAVCver, 
and particularly if rapid, it may be misleading, ns the retention of sodium 
and Avater resulting from overtreatment Avith dcsoxycovticosterone 
acetate also causes upAvard clianges in the Aveight. hlrs. H. L, gained 3 
kg. Avithin sixteen days, during Avhieh time tlie blood pressure changed 
from 74/44 to 132/86; serum sodixAin and potassium, from 305.0 and 
15.6, to 373.5 and 11.6 mg. per cent, rospectiA’ely; the cardiothoraeic 
ratio, from 0.35 to 0.58; the frontal cardiac area, from 75.6 to 143.0 
sq. cm. ; and the heart volume per square meter of body surface, from 
328 to 693 c.c. During this period the intake of sodium Avas 10,7 Gm. 
dady, and the dose of desoxyeorlicosterone acetate, 10 mg. Gain in 
AA’eiglit alone AA’Ould have been no index to the severe intoxication Avilh 
cardiac failure Avhieli Avas present at the time the second group of ob- 
servations Avas made. While such an excessive increase in Aveio-ht 
over a short period of time Avould lead one to suspect the rapid retention 
of Ava ter, there are many instances in which the change is less obvious 
and even misleading, unless other criteria, including cardiac size are 
carefully considered. ’ 

3. Rmng or Normal Blood Pressurcs.~Tho blood pressure level in 
aiiably improves in the patient under adequate treatment for Addison's 

disease. However, its fluctuations are sometimes marked, and in our 
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hands it iias not consistently risen into abnormally InVh levels yhen 
the patient was being overtreated with desoxyeortieoslerone acetate. 
The case of Mrs. IT. L., cited above, is illustrative. Just prior to the 
development of widespread edema of the ankles and early signs of 
cardiac failure, this patient showed a blood prassure of 132/86, normal 
for her age of 53 years. Again, Mr. J. F., a 60-year-old white male was 
“in good clinical condition” after several weeks of treatment. The 
blood pressure was 100/70; weight, 36.0 kg.; serum sodium and potas- 
sium, 327.1 and 16.8 mg. per cent, respectively; the cardiothoraeic ratio, 
0.45; the frontal eai’diae area, 105.0 sq. cm.; and the heart volume per 
square meter of body surface, 494.6 e.e. The sodium intake was 3.0 
Gm. daily, and the dose of desoxyeortieosterone acetate, 20 mg. The 
latter was raised to 25 mg. daily in order to carry out some studies 
on glucose tolerance. Eighteen da.ys later, the blood pressure was 
116/72 ; weight, 41.6 kg. ; serum sodium and potassium, 333.4 and 14.0 
Gm. per cent, respectively; the cardiothoraeic ratio, 0.51; the frontal 
cardiac area, 112.0 sq. cm. ; and the heart volume per square meter of 
body surface, 507 c.c. There was some evidence of increased haziness of 
the perihilar shadows in the teleroentgenogram of the chest. The patient 
stated that he “felt fine.” All features of his case were normal save 
for the changes in size of the heart, which were abnormally high. 
One week later he went into acute cardiac failure with pulmonary and 
peripheral edema while still on the same daily intake of sodium and 
desox^’^eorticosterone. At that time the blood pressure was 148/84; 
weight, 41.7 kg. ; serum sodium and potassium, 332.7 and 16.4 mg. per 
cent, respectively; the cardiothoraeic ratio, 0.55; the frontal cardiac 
area, 141.0 sq. cm. ; and the cardiac volume per square meter of body 
surface, 675 c.c. It is apparent that blood pressure gave no forewarning 
of the impending complication in this patient. Cardiac size placed 
us on guard more than one week before clinical symptoms of disaster 
were in evidence. 

4. Normal Blood Sodium Levels.— In our hands, blood sodium levels 
have been totallj^ unreliable as an index to the adequacy of treatment. 
Kepler® expressed the same opinion. Patient K. K., observed for a little 
more than two years, was seen in ci’isis (two occasions), in eoitical in- 
sufficiency, and in a fully stabilized state. The blood sodium values 
varied from 265 to 405 mg. per cent, but without any rational relation- 
ship to the clinical condition. On several oecasion.s, when this patient 
was fully controlled, it was below 300 mg. per cent, and, at a time when 
he was feeling his best and all other prognostic factors wore completely 
normal, the blood serum sodium was 284 mg. per cent. His slatu.s wa.s 
satisfaetorv when the level was 405 mg. per cent, but, he was far from 
as strong or sub.icctively comfortable as at the above period when the 

sodium was 284 mg. per cent. 
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5. Improvement in the Blood Snffor Besponse to 
With improvement in Ihe patients general eom i lo , _ 

of the flat blood sugar curve to higher levels during ' 
four hours after oral ingestion of glucose. Homcaci, t us 
is not adapted to quantitative or malhemntioal expression. 

G. The She of the 7/cnr/.-This appears to he a reliable index oi the 
clinical condition at all times. 

That the size of the heart in patients witli Adclisou's di.sea.se is pio- 
foundiy influenced by the use of the synthetie hormone (de.soxy- 
corticosterone acetate) sccnis to he proved beyond (luestion. 1 erliaps 
not one but a number of factoi-s are resiionsiblc ; the fundamental action 
of the drug is upon electrolyte metabolism. The retention of .sodiuin 
with the concomitant binding of water and tlio .stabilization of polas.sium 
equilibriiun between cells and intercellular fluid a]i))ear to be of piiniai\ 
importance in bringing the heart back lo normal size. 'When dosage 
is high enough to produce the toxic action, there is “packing’' of the 
cells Avith sodium, and an increa.se above the normal in extracellular 
sodium chloride and Avatcr.® heroin jieriods of crisis through insuf- 
ficiency to full therapeutic stabilization and toxic action, these effects of 
the hormone primarily vary inversely as the amount of sodium available 
AA'itliin the tissuc.s. In stales of insufliciency Avithout crisis and of full 
stabilization the relationship existing betAveen the amount of .sodium 
to be ingested and the amount of do.soxycorficost crone acetate to be 
administered is capable of mathematical cxju’c.ssiou in terms of the 
preA'iously described hyiAcibolie cui-a-c. Na x D IC, in Avliich values for 
K A’ar.ving fi-om 37.5 lo 45 liaA-e been obtained in obscrA'ations on scA'cn 
human beings.-'' " AYc believe a liberal supply of potassium (5 to 7 Gm. 
daily) should be available if the above etpialion i.s to bold, although the 
exact amounts necessary in a))y given in.slancc have not been determined. 

Only a limited poriio/i of the hyperbola .iu.st mentioned can actually 
be employed in the regulation of the i?i1ako of sodium a)id deso.vycortico- 
sterone acetate. A satisfactory range for sodium is from 2.25 to 9 Gm. 
daily AAulli concomitant invcr.se A'ai'iations in desoxyeorticost crone acetate 
from 20 to 5 mg. daily. Such large ])roducts for sodium and dcsoxv- 
eortieosterone are permissible only if our criteria for determining the 
condition of the patient are reliable. Therefore, avc believe they should 
be used only Avhen cardiac mensuration is ])erformod rojM-ntodlv and 
systematically. In but one of 107 obserA-atious has the heart been Avithin 
normal range of size Avhen .sign.s of toxicity from de.soxvcorficost crone 
Avere in evidence. In that imstanee, there ivas a moderate elevation of 
blood pressure and a very slight pretibial edema, both of which disap- 
spontaneously wilhont changing the patient’s regime in any way. 

aualnTes bn ,>rcvM if m,.v 


■III 

nt 

•ortico.sti.coiu; 



lOS 


AiSIERICAX HEART JOURNAL. 


Table IV clearly shows that the size of the heart is dependent npon tl>e 
latios of sodium and desoxyoortieoslerone acetate present and not upon 
the absolute value for the one or the other. Case E. V {VW 2A and B) 
illustrates this perfectly. On Feb. 12, 1940, after several months of 
treatment with 6 Gm. of sodium and 7.5 mg. of desoxycortieostorone 
acetate daily the patient’s cardiothoracic ratio was 0.42; the frontal 
cardiac area, 115.4 sq. cm.; and the heart volume per square meter of 
bodj surface, 532 c.e. On April 10, 1941, after a .similar period of 
treatment with a daily intake of sodium of 1.5 Gin., and deso.xycortieo- 
sterone acetate, 30 mg., the cardiothoracic ratio was 0.41; the frontal 
cardiac area, 129.0; and the heart Amliime per square meter body sur- 
face, 543 e.c. On both occasions, the patient was in good clinical condi- 
tion, and the usual criteria of full stabilization were satisfied. However, 
the patient stated he felt better on the latter date when taking the larger 
dose of hormone, and concomitantly lessened amount of sodium. Within 
certain limits of dosage (up to 20 mg. daily) this patient’s suh.iectivc 
appraisal can be made as a generalization foi’ all of seven persons thus 
far observed. 


Elsewhere, the dangers of high dosage with desoxycorticosl crone 
acetate have been emphasized, and precautions in their use have heen 
stressed.^’ ® Any one of the three heart measurements routinely em- 
ployed in the present studies can be used as a reliable cheek to avoid 
overdosage. Suffice it to emphasize here the fact that, when the cardio- 
thoraeie ratio, which is extremely simple to determine, reaches or exceeds 
0.50, a domiward reduction in the dose of the synthetic hormone mn.st 
be made if we udsh to avoid a complication. The use of dosages repre- 

K 

seuted on the hjqjerbolic curve, Na = ^ , by constants from 30 to 45, in- 


clusive, has never produced such ratios. Therefoi’C, such a range of 
values may be designated as the “zone of safe therapeutic constants. ’ 
In crisis or impending crisis, the uppermost of the.se constants can be 
safely exceeded, and here again therapy should be checked by cardiac 
mensui’ation as soon as the patient’s general condition is sufficienl].^ 
improved. We have used constants as high as 110 with values ranging 
from 11 Gm. sodium with 10 mg. de.soxyeorticost crone acetate to 5.5 Clm. 
sodium with 20 mg. desoxycorticosterone acetate). Such amounts should 
never be employed for more than three to four da.vs without repeated de- 
terminations of the cardiothoracic ratio or other heart dimensions, for 
they have been known to cause acute cardiac failure within nine days oi 
the' time thev were begun for the relief of crisi.s. In other word.s, while 
the usual equations for determining desoxycorticosterone and .sodium 
intake in Addison's disease have constants which are much too low to he 
applied in the management of crisis or impending crisis, dosage.s in- 
dicated bv hiffher figures must he di.scontinued as soon as the crisi.s i.s 
The condition appeal^ to he comparable in every way to tliat 


over. 
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existing in diabetic acidosis and coma y' 
itvolled diabolic 
be carried one step furllicr 



well proved tirai uie cocci oi .....v ... , - . 

sodinnv present. Sodium stoves arc depleted in crisis ; hence, the nee 
liigher ratios of ingested sodium and desoxyeortieost crone aeeta 
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obvious. 
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The Cause of ihr. Small //car/ in A<l(lison\s Disease and I Is Increase 
Size Under Desoxncorlieosl crone Therapif. — Our knowledge of the 
pathologic physiology involved in the alterations of the size ol the heart 
in treated and untreated Addison's disease is meagi'r. but in coiiueetioii 
with the ob.servations herein detailed, .several taels may warrant atten- 
tion. The previous' and ]ire,senl studies make it idear that adrenal iii- 
•sufficiency pathognomonically decreases the .size of the heart, and that 
a still further reduction oceur.s, perhajis abrniUly, when crisis is .super- 
imposed upon the already existing diminished function of the adrenal 
cortex. 

The explanation for the sharp drop in cardiac size during crisis and 
for the early rapid rostifufion under treatment seems i-ather simple to 
explain on the hasls of an encroachment n]U»n blood volume.’- Ximilar 
downward changes in tlio size of the heart are sei-n with rajiidly evolving, 
profuse diarrheas, oxce.ssive vomiting, .severe hemorrhage, oi- any other 
condition in which there is a .sudden, large drain upon body tluiils. 'i'he 
fact that cardiac volume .still i-emains from l.o to 2f) per cent below the 
theoretical normal following the. relict' of crisis' while blood volume is 
restored to normal ))romjUly is ]u-ima facie evidence that the volume of 
circulating blood seen in adrenal insnf/icieney is not alone responsible 
for the .small heart routinely jn-esent. 

Changes in water and electrolyte balance undoubtedly jday a cem- 
siderable role in bringing about the changes seen in the disease ami i)i 
re-establishing normal eondifiojas during treatment.”--" During adnmul 
insufficiency, water and pota.ssium are both lost from muscle tissue, 
although die proportion of ]M)lassium to dried weiglil of the muscle re- 
mains as in the normal animal.-'--- .Sodium stores of the body are de- 
pleted, and the amount of pota.ssium in the intercellular fluid and in the 
3 ood stream increases. While other ehango.s arc concomitantly jire.sent 
the above alterations in electrolyte pattern are outstanding. ' 

Whether tlie role of .sodium, iiofassium, and water is a truly primarv 
puielj secondary one in the production of the small heart, of Addi- 
son .s disease is as yet not entirely clear. The influence of tl,e cortex In, 
on caibohydrale metabolism is also a profound one. G]vco<mn reserves 
in the liver and in the liearl arc markedly reduced. Feiin h-,s i-e’ceutlv 
cited the literature on this point."’ When glycogen leaves the musffie 
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potassiim goes Tvitli It is difficult to say whether the status 

of muscle glycogen or of cell potassium is altered first. The evidence 
seems to favor the view that potassium is a basal factor in the SAmdromc 
of eorticoadrenal insufficieney.=*=--» Moreover, there is evidence to show 
that the action of the potassium on the heart is at least to some extent a 
specific effect not shared by skeletal muscles generallj'.^'’ 

When we turn from the findings of adrenal insufficiency to the other 
side of the picture, that is, to the absolute and relative inci’ease in the 
size of the heart in the patient under treatment for Addison’s disease 
with desoxycorticosterone acetate, perhaps conclusions may be drawi 
with more certainty. Under the influence of tliis steroid, tlicre is an 
increase in intracellular water and potassium, and a decrease in extra- 
cellular water and chloride, until such time as intoxication begins when 
the two latter factors increase above tlie original values. Tiie liandling 
of purelj’" carbohydrate food is improved®'’ probably through the 
general improvement in the state of tlie animal and through no direct 
influence upon processes fundamental to intermediary sugar mclah- 
olism.®®’®® This improvement and a return of cell potassium to normal 
may combine to afford the heart a better glycogen reserve. 

If the several facts cited above and assumptions based upon them 
are true, then the diminished size of the heart in Addison’s disease is 
primarily a result of the loss of cellular glycogen, potassium, and water, 
and the restitution of size under desoxycorticosterone acetate is asso- 
ciated with a re-establishment of potassium and water balance wifli a 
concomitant improvement in glycogen stores. 

STOEMARY ■ 

1. One hundred seven observations have been made i;pon the size of 
the heart in seven cases of Addison’s disease inider treatment vith 
desoxycorticosterone acetate. 

2. Cardiac size has been indicated by estimations of the cardiothoracic 
ratio, the frontal cardiac area, and the heart volume. 

3. These measurements of cardiac size have been correlated vitli 
the clinical condition of the patient and with the intake of sodium and 
desoxycorticosterone. 

4. The present criteria for indicating the condition of the patient with 
Addison’s disease have been critically evaluated. 

5. Rules for applying desoxycorticosterone therapy have been dis- 
cussed. 

CONCLUSIONS 

1. In patients under treatment for Addison’s disease the size of the 
heart increases as the clinical condition improves. 
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2 The first and most rolinWo sign of loxicitj- rroiii ilraoxyeorl icn- 
sterono acotate is a.i ahnormally Intltc cardiac silhoocllc ... the (clc.™o.l- 
genograin. 

3. A reduction in the dose oi' hormone is advisnhlc if the eavdiothoracie 
ratio reaches 0.50 or above. 

4. Large doses of liormonc may be given ■\viti\ safety when cardiac 
mensuration is used as an olijcclive check on tlic clinical condition. 

5. The dose of dcsoxycorlicosteronc acetate necessary to i>roducc a 
given degree of cardiac enlargement varic.s inversely as the amount of 
sodium available in the tissuc.s. 

6. The dose of desoxycortico.stcrone acetate should be regulated ac- 
cording to the formula, Na ((Im.) x 1) (mg.) ~ k. \ allies t(ir K of tiom 
30 to 45 have been ascertained in a jirolongcd study oi seven patients 
with Addisoirs disease. 
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COMPLETE HEAET BLOCK ALTEENATING WITH NOEl^IATi 
EHYTHM AND N0K1\IAL A-V CONDUCTION 


Bepout of Two Cases 


J. 


Morrison Hutcheson, !M.D., and M^’fluford 
E icmioND, Va. 


C- Eked, i^I.D. 


T^EOM the paiicity of reference to the condilioii in Icxlhooks on 
* cardiology and from the small number of cases recorded in Ibc liter- 
ature, it may be inferred that complete A-V dissociation, interrupted by 
periods of normal rhythm and normal conduction, is rai'o. I'or this 
reason the following cases are reported. Both show Adams-Stokes seiz- 
ures and both illustrate the tendency, pi'cvionsly iiotcd in such cfi.ses, 
to develop permanent block with the disapi^cavance of attacks. 


CASE REPORTS 


Case 1. — A lawyer, aged 07 years, was adi«i((ed to the .Tnlitiston Willis Hospital 
July 10, 1938. His chief complaint was fainting .spells, wliidi had occurred at irregu- 
lar intervals and with increasing frequeney for two ycar.s. The first attack occurred 
in. July, 1936, while he was sitting engaged in conversation and lasted thirty sec- 
onds. About two months later he had a second attack and consulted a phy.sician, 
who took an electrocardiogram and found no evidence of heart block, altbougb this 
had been suspected. In Maj', 19.38, attacks began to come while be was lying in 
bed, and one week before admission he Iiad seven in one day. Tlio scir.urcs were 
always preceded by a feeling tliat the blood was leaving his head, and occasionally 
lie seemed able to prevent them by getting down on hands and knce.s or by holding 
his head between Ins knees. Some attacks consisted only of faintness, wliile in 
others he became unconscious, with convulsive shaking of the body and extremities. 
Once, when examined during an attack, he was fold that his pulse rate was 20. For 
a number of years ho had grown progressively short of breath and had slight swelling 
of tile ankles, but at no time hud he noticed chest pain. 

Physical examination showed a fairly obese man of florid complexion, 5 foot 0 
inches tall and weighing 172 pounds. The pulse was regular, 40 to the minute. 
Blood pressure was 178/105. The heart was enlarged to the left; the aortic second 
sound was accentuated with a soft blowing systolic miirniur at the apc.v. Extra 
sounds were heard between regular beats, and extra pulsations were seen in tbc neck 
veins. The lung bases were clear; the liver not enlarged; and only very slight pit- 
ting of the ankles was observed. Laboratory studios, including AVasseniuvnii were 
essentiall y negative. An electrocardiogram taken a few hours later reve.uled n’ormal 
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rhytlim and normal conduction (Fig. 1). On the following day, although there 
had been no attacks, complete dissociation was present (Fig. 2). He remained 
the hospital until July 31 and had a number of fainting spells and several con- 
vulsions. These were without apparent exciting cause. .Efforts to obtain a tracinir 
during an attack proved futile as the string was deflected by body movement.^ 
Atropine had no effect nor did carotid sinus pressure influence the rhythm Ephed- 
rine in large doses appeared to diminish the number of attacks but caused slight 



Fig. 1. — Case 1. Normal rhythm with normal A-V conduction. 



nervousness. On discharge lie was advi.sed to take grain ephedrinc with one 
zanthimal tablet (theophylline and phenobarbital) every three hours 'V 'cn 'vwakm 
This therapy was continued, and, when he was seen at the oflice October 3, 
that he had had only one mild attack since August 4. At that ^ ; 

complete block. On December 5 he had several attacks and complete •' 

founl On Jan. 23, 1939, he stated that there had been no attacks ,n ten daj.. 


HUTCHESON AND REED: 


COMPUTE HEART RLOCK 


nf) 


Normal rliytlim with a pulse rate of 70 was prcscnl at this 

reported about one mild attack a week, and on that day complete block was found. 
In September, 1939, attacks ceased and complete block later appeared to )C per- 
sistent. Dyspnea and other evidence of congestive failure appenred, and alter 
November, 1039, he was digitalized. On June 11, 1940, be sho\Ycd evidence of mild 
congestive failure but was able to perform bis duties as judge of a local court. 
Complete block was present, and digitalization bad produced no measurable ebango 
in the electrocardiogram. On .Inly 11, 1940, be died suddenly. Permission for 
autopsy was not secured. 


Case 2. — A married woman, aged 5S years, was admitted to tlic l>Iemorial Ilospital 
Dec. IS, 1939, complaining of bigb blood pressure of eight years’ duration and 
fainting spelts. Except for occasional severe beadaebe, she bad been generally, 
well up to May, 1939, when she began to have fainting .spells. Tliese seemed to 
follow moderate exertion. During the .spoll.s she was unconscious for a feu' min- 
utes. In two attacks slic fell and struck her bead. After the (liird attack Iicr right 
arm and leg became paralyzed, but later she recovered the use of both limbs. Fol- 
loming this illness she was breathless after exertion and had occasional mild noetnrn.'il 
dyspnea of paroxj’sinal character. For several months she had been having a dif- 
ferent type of attack, which she described as “swooning.” .‘4ho would first notice 
a feeling as if her heart were turning over and almost inunediately a sense of faint- 
ness, but she did not lose consciousness. The attacks bore no relation to meals or 
exertion. 
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there was slight pitting edema of the T 

urine showed nothing of interest The eleet <ixa^’«»nations of blood and 

dissociation with bundle branch block and ' revealed complete A-V 

-rmal rhythm and norma, conLetiot 
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^Mule in the liospital she continued to have frequent attacks. The nur<;e’s note 
indicated tliat she would have a warning that an attack was innninent and at this 
time the pulse would change from the usual slow rate to 90 or above. Her face 
would become flushed; she would perspire profusely; and at the same time a Imig 
pause might be observed in the pulse beats, followed by a return to the slow rale"! 
Atropine and ephedrine failed to influence the heart rate or the frequencv of at- 
tacks. On December 25 the administration of benzedrine sulfate, 5 mg. three times 
a day, was begun and on the same day the rhythm became normal with normal 
A-V conduction (Pig. 4). Benzedrine was discontinued Jan. .S, 1940, but the 
rhythm remained normal, and there were no further attacks. She was discharged 
on Jan. 25, 1940. Correspondence with her physician revealed that normal rhythm 
persisted for two weeks after she returned home. She then began to have periods 
of complete block with unconscious seizures. Benzedrine sulfate was given again but 
was not definitely useful. Since about June 14, 1940, complete block has apparently 
been maintained, and there have been no attacks. 



COJBIENT 

Comeau^ in 1937 was able to collect from the literal urc only tweho 
cases in which it was clearly established that a sudden transition from 
normal conduction to complete block with idioventricular rhytbm actu- 
ally occurred. To this group he added two additional cases, in one of 
which Adams-Stokes seizures ceased after complete lilock became pei- 
manent. Of particular interest in the eases here recorded are the fre- 
quent Adams-Stokes seizures, which apparently followed tlie shift from 
normal rhythm to block. In both cases the aura and in Case 2 the 
nurse’s description of the attack and the electrocardiogram sugge.s. 
that a brief run of normal rhythm occurs and tlie unconscious attack 
comes during the pause after the cessation of normal rhythm and lie- 
fore idioventricular rhythm begins. Both cases shoved cv.denoc of 
bundle branch block, vhich varied in degree from normal rhvll.m 1 
complete block, becoming more marked in the latter. I" ^ 
ephedrine in large amount seemed to dim.ntsl. the number of .sjncop.,1 
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attacks. In Case 2 normal rliytlim appeared soon after bo7izedi'ine M-as 
given and persisted for six ^vcoks after the drug was slopped. Although 
it seemed unlikely that the transition was induced by the di-ug, tlie ob- 
servation is of interest as Poole and WilkinsoJi" have reported a similar 
case, in which revei'sion to normal rhytlnn api)eared to follow small 
doses of benzedrine. 

Since both patients were past iniddle age and had hypertension and 
since the presence of electrocardiographic changes indicated mj'oeardial 
damage, it may be concluded that the underlying pathology was cavdio- 
sclei’osis. 

.SUJfJfAKY 

1. Two cases showing complete A-V block with alternating periods of 
normal rhytlnn and normal conduction lime are reported. 

2. In both eases frequent Adams-Slokcs seizures occurred dui'ing 
the period of fluctuating rhythm. 

3. In one ease definitely and in the other probably, i^crmancnt A-V 
dissociation was eventually established with the di.sappcarance of syn- 
copal attacks. 
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ANOMALOUS CORONARY ARTERIES ARISING EROI^I THE 

PULMONARY ARTERY 

Report of a Case in Which the Left Coronary Artery Arose 
pROsi THE Pulmonary Artery 

Louis A. Solopp, M.D. 

• Philadelphia, Pa. 

|3 EPORTS of abnormalities of the coronary arteries in Y’hicli one or 
both arise from the iiulmonary artery are rare, A majority of 
the cases present a fairly characteristic clinical syndrome ■which should 
probablj’’ make antemortem diagnosis possilde, Furthermore, willi the 
increasing interest in, and growing importance of, coronary artery dis- 
ease, all abnormalities of the coronary arteries are noteworthy. In 
these tj^es of cases, one can learn, with almost the precision of a pliysio- 
logic experiment, wliether irrigation of portions of the myocardium 
with venous blood under low pressure is adequate to maintain its func- 
tional and anatomic integrity and, if it is not, how the heart success- 
fully circumvents this abnormality or succumbs to it. The purpose of 
this paper is to report a ease which presented an anomalous left coro- 
nary artery arising from the pulmonary artery vith degenerative 
changes in the left ventricle resulting in an aneurysmal dilation of this 
chamber and an incidental persistence of the embryonic sinusoids and 
also to review the literature on anomalous coronary arteries arising 
from the pulmonary artery. 

REPORT OF A CASE 

F. P., a male iufant, aged 4tl> months, wa.s admitted to the St. Joseph’s liospitnl 
Oet. 13, 1940, at 7:00 P.Ji. and died the following morning hofore any studies could 
be made. The child was born, full term, at home, of normal parents. The infant 
was apparently normal at birth, but soon thereafter he began to regurgitate his 
food. He W'as brought to the pediatric clinic where the formula was changed twice 
with some improvement. Five days before admission to the hospital, with each 
feeding, the child apparently e-xpressed severe pain by doubling up, drawing his 
feet up to his chest, holding himself tense and motionless and becoming cyanotic. 
After a few moments, he vomited his food, became pale, and perspired. Since 
these attacks began, the child was able to take less and loss of his food without 
precipitating an attack. During the last two or three days, he had become visibly 
short of breath. 

Physical examination in the hospital revealed an emaciated, sUglitly cyanotic, 
dyspneic infant with a respiratory rate of 52 a minute. TJ.ere was a marked 
diminution of respiratory excursion on the left side anteriorly and posteriorly, a o 
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rtte „,,e .uaiblc. The he.rt “ea"n» ^ 

riintniosis was atelectasis of the lett mat,- 

before x-ray or other studies could he i one. ^ modoraie 

ffecropsij.— Autopsy was done interior-posterior diameter of 

cyanosis of the lips, fingernails, ,Ue appearance of a hnrrel- 

the chest exceeded the ^ ^ ’ t|,c i,eart, nothing of note was found 

shaped emphysematous revealed medullary hemorrhage 

rlS ;:Slt::^:::^lSctr ;egions which were greatest in siae and 
number in the left upper lobe. 



Fig. 1.— Anterior view of the heart illustratliig aneurysmal illUitatlon of the loft ven- 
tricle anil the huge engorged veins. 

The pericardium in situ was tremendously distended. It e.vtcndcd 3 cm. to the 
right of the niidsternal line and to the left mid-axillary line so that the entire 
left lower lobe and a portion of the left upper lobe of the lung were obscured from 
view. When the pericardial sac was opened, its distention was seen to be due entirely 
to a huge heart. The transverse diameter of the Jieart ivas 11 cm. The left lower jiolc 
of the heart was formed entirely by the left ventricle. The interventricular groove 
was situated 2. cm. from the left lower pole. Numerous tremondoush- dilated veins 
were present beneath the epicardium of the left ventricle. These wore largest at the 
base of the heart where thej' varied in size up to 1.2 cm. in diameter, jiiul pro.iocled 
above the muscular surface for as high as 1 cm. The lower half of the left vcntiielo 
bulged ventrad, to tlie left and craniad in an obvious aneurysmal dilatation. The 
ventricular muscle in this region felt extremely thin and easily compressible. The 
right ventricle appeared normal. The external appearance of the heart was iden- 
tical with that as is frequently seen in an acute coronary tiivoinbnsis superimposed 
upon an aneurysmal dilatation of the left ventricle secondary to an old coronary 
thrombosis. The difference was the markedly dilated and engorged coronary veins. 
The section surfaces of the right ventricular muscle were normal. The* section 
surfaces of the left ventricle muscle were obviously diseased. Practically no normal 
healthy muscle was seen. Large regions of gray fibrous tissue alternated with dull 
brown muscular tissue and regions of apparently acutely necrotic tissue. One 
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could also see numerous large, engorged Wood vessels and linj; empty spaces, tlie 
nature of wliicli ivas not suspected until microscopic examination. The valves were 
all normal. After fixation in 10 per cent formalin, the aortic valve was 4 cm. 
in circumference; the pulmonary, 3 cm.; the mitral, 5 cm.; and the tricuspid, 
7 cm. The right coronary artery arose at its usual site from the aorta. The ostium 
was approximately one-half its normal size. The left coro7iary artcr.v arose from 
the pulmonary artery. The orifice wa.s approximately tliree times that of tl)c right 
coronary artery. So far as one could tell by dissection with fine .“cis.sors, the 
distribution of the coronaiy arteries was normal. The right coronary artery .sup- 
plied the greater portion of the right ventricular wall and a small portion of the 
posterior basal portion of the left ventricle. The left coronary artery, by means 
of its usual two major branches, supjdied virtually the entire left ventricular mu.scle, 
its finer ramifications being lost in the diseased muscle. No communications could 
be discovered between the major branches of the coronary arteries or between the 
coronary arteries and veins. Tlie Iieart weighed 120 Gm. The normal for this age 
is approximately 30 Gm. 



Pig. 4.-Left ventricular muscle illustrating necrosis. 


fibrosis, and calcification. 


. 

.ppea^nce eL; t «rav. ti. 

I. ae left v,h««u.., m,„aL ' ’«»- 

^ coronary. arterial branches 



122 


AMERIC.VK HEART JOURNAL 


were surrounded by a thick hyalinired TonT k 0 "os 

this zone .as thicker than the entire endc^od r/cr^;:":;, 
varied m size from a tiny cleftlike space to tliat occ.mv'- i * 
composed of a single ro. of flat endothelial cells. The 

filled with red blood cells. In some of these roirions u T ^ either empty or 
than normal and resembled late embryonic feart' inLdr'' Tf ”" 
viously persistent embryonic sinusoids' an inSrpreHtTon wM '' 
by se^;eral outstanding pathologists to whom these sedions were sC '"ven- nn" 
normal muscle was seen. All stages of degeneration were presln tiT 
acute parenchymatous degeneration, hydropic degeneration fattJ' l r*"" 
ischemic necrosis, fibrosis, and calcification. ^ ^ '^^ecneralion, 



Fig. 5. — The persistence of the embryonic sinusoids. 


DISCUSSION 

The possibility of the origin of tlie coronary arteries fi’om the pul- 
monary artery is due to the fact that the primitive endothelial hud.s 
which are to form the coronaiy arteries develop before the common 
arterial trunk i.s divided by the spiral septum into the aoi’la and pul- 
monary arterj’’. A displacement of either the endothelial buds oi’ the 
spiral septum may enclose one or both endothelial buds within the pul- 
monary’' arteiy. Four possibilities exist: (1) origin of the right coi'o- 
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naiT artery from tlie piOiiionary arter>', (2) origin 
naiy aileij (3) origin of liolli coronary 


mw art6rv fToni tlic pubiionsTy aitcij, 

“eriesZn the pnlmonary artery, and (4) origin of an acccasmy 
coronary artery from the pulmonary artery. The last po-ssi n . y m 
of little importance, inasmuch as the accessoiy artery nsualb conc- 
sponds to a small branch of the coronary artery and supplies bnt a 
limited portion of the myocardium. References to this anomalj aic 
given by Bland, AVhite, and Garland. There have been sixteen previous 
reports of the left coronary artery, two of the right coronary, and two 
of both coronary arteries arising from the pnlmonary aidcry. The 
much greater frequency of the left coronary artery arising from the 
pulmonary artery has been attributed to the fact that the ostium of 
the left coronary artery is inneh closer to the pulmonary sinus than is 
that of the left. Another believed that the greater incidence has no 
statistical significance heeanse of the small number of cases. 

Of the sixteen peisons witli an anomalous left coronary artery, eleven 
died in infancy between the third and fifth month and one died at the 
age of 10 months. The histories rvere all veiy similar. The ehildrcn 
were born normally at term. They were apparently healthy. Soon 
after birth, they began having trouble with feedings. 

At first there was regurgitation of food, A little later, dyspnea was 
present during feedings, usually accompanied by slight cyanosis. Soon 
thereafter, sjnnptoms suggestive of pain occurred followed by perspira- 
tion and shock. Because all of the sjnnptoms occurred at first only 
during the act of swallowing, it is very probable that these infants suf- 
fered from angina pectoris. Later sjmiptoms of respiratory distress 
occurred even when the child was at rest. This gave rise to sjunploins 
suggestive of pneumonia, which was the usual antemortem diagnosis. 
X-ray examination revealed a large heart. Only one ease had an elec- 
trocardiogram, which showed a well-marked and late inversion of the 
T waves in all leads of the coronary type. The report of this last ease 
of Bland, White, and Garland should he read for the excellent descrip- 
tion of the paroxysmal attacks wliich Avere observed by the child's 
father, Avho was a physician. At autopsy all cases showed an enlarge- 
ment of the heart, usually two to three times the norjual size, Avitli pre- 
dominant enlargement of the left ventricle which had a typical aneu- 
rysm^ bulge in its caudal and lateral half. Microscopicall}’-, degenera- 
tion in every way resembles the ischemic myocardial degeneration and 
fibrosis of coronary sclerosis except that it is more intense, more wide- 
spread, and more confluent. Heitzmann was the first to. he inipres.secl 
y this similarity. In order to test this similarity, a colored photo- 
graph of the heart and several microphotographie sections of the mus- 

ical data. The invariable diagnosis was myocardial infarction ivith 
aneurysmal dilatation of the left ventricle due to coronary thrombosis. 
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EMBRYONIC SINUSOIDS 

The myocardium in tliis case differed in one respect from llie iiearf 
muscle of all the other eases reported. There ivere numerous lar-e and 
small distended and cleftlike spaces partly filled ivilh red lilood colls 
and lined by a single row of flat endothelial cells. These \vcre not 
capillaries of the type seen proliferating in granulation tissue. They 
were distinctly different, as evidenced by their .shape, their size, and 
their presence in regions where the muscle was healthy althougli a]i- 
parentlj’’ slightlj^ embryonic. The embiyonie myocardium, before the 
development of the coronary vessels, is nourished by blood coursing 
through spaces between the interlacing muscle fibers. These spaces 
communicate freely with the ventricular cavity. Grant, in his studios 
on the development of the cardiac coronary ve.ssels in the rabbit, has 
shown that these spaces are reduced to capillaries by the condensation 
of the myocardium and persist to form an integral part of the coronary 
circulation. Those in the vicinity of the endocardium persist in their 
communications with the ventricular cavity and form the veins of 
Thebesius. This is the third case of persistence of the embryonic si- 
nusoids which could be found, and it is interesting to note that, the 
sinusoids were inadequate to prevent the degenerative changes of the 
myocardium. 


Pour of the sixteen persons lived to adulthood. Abbott’s patient died 
accidently at the age of 64 years. The descending branch of the left 
coronary arteiy expanded into a large triangular-shaped sinus which 
communicated until large thick walled vessels behind it. Rubberdt’s pa- 
tient was a man 27 years old who had been examined three weeks prior 
to his death and was pronounced healthy. He died suddenlj’' while doing 
hard work. The right coronary artery was tremendously dilated and 
was the size of the iliac artery, 3.1 cm. in diameter. The right coro- 


nary artery anastomosed freely with the left. Kockel’s patient was a 
man 38 j^'ears old who had had precordial pain for a few years. The 
heart was enlarged. There was a sclerotic patch in the bundle of His. 
The right coronary artery was huge. The left was larger than normal. 
Both coronary arteries extended to the apex of the heart. The right 
had apparently taken over some of the function of the left, and theie 
were apparently anastomoses betAveen the smaller liranches of these 
vessels. Dietrich’s patient lived to the age of 57 years. He was re- 
puted to have been sick as a child, but adolescence was normal. Upon 
applying for army service, he Avas told that he had valvular heart dis- 
ease.' For ten yea'rs previous to his death he had hypertension, auricular 
fibrillation, and angina pectoris. Autopsy revealed aortic valvular 
disease and a large heart. The right coronary artery was atherosclerotic. 
The left, which arose from the pulmonary artery, Avas not athero- 
sclerotic. There Avere numerous large regions of calcification. In le 
smaller branches of the left coronary artery and its arterioles were 
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V... ...^M-ial wall into the lumen which Dii'H'icii had 

never seen m atherosclerosis. Those finclino-s were ‘'f | 

seen in the glomus tumors of the fingers; lie regarded (hen as conclu- 
sive evidence of arteriovenous anastomoses. In.tcctunm ol radioic.uiue 
substance failed to .show any communicalion lad ween largo ve.ssels; 
this was not conclusive since the heart had been lu-eviously partly clis- 

sGctcd,. 

To summarize the cases of anomalous left coronary arteries arising 
from the pulmonary artery, the clinical history is lliat of an intanl. 
apparently normal at birth, wlio dcvoloi).s nsnally in the tliird. fourth 
or fifth month, with the onset of active motion, difficnlty in feeding, 
Avith regurgitation, dyspnea, cyanosis, pallor, sweating or shneklike 
conntenance precipitated by the eflort of eating. X-ray examination 
rec’eals a large lieart. Careful fiuoro.sco])ic examination .should demon- 
strate an aneurysmal bulge of the left vontriele. The only cleetro- 
cardiogram, that of Garland ct ah, shows the typical coronary T wave 
changes which one should expect from llie state ot the myocardium. 
Life is possible if adequate anastomoses arc ])roscnt hedween the enro- 
naiy arteries or liclwcen the left coronary artery and the vonirienlar 
cavity. Otherwise the retrogressive changes of ti.ssuc aiioxia ai’c loo 
extensive to permit normal function of the left ventricle. In those 
cases with adequate anastomosc.s, .symjitoms may bo oidiivdy ahsoni. 
Sudden death may occur. The finding of focal calcifiealion.s in I lie 
myocardium (by x-ray examination) without apparent cause in an adult 
should suggest tliis possibility. From a jiatliologie slantljioinl, it i.s 
interesting to note the differences in a])pcarancc of the left and idglit 
coronary arteries. The left coronary artery, although wider than nor- 
mal, has a AA’all distinctly narrower tlian normal, due primarily to a 
poorly developed medial niu.seular coal. Tlii.s suggests that the mus- 
cular coat develops in response to the increased pressui-e within the 
lumen and explain.s the inerea.sed lliiekne.ss of Hits coal found so fre- 
quently in persistent liypcrtension. T))c presence of atlierostderosis in 
the right coronary artery and its ah.senec in the left al.so point to the 
relation of increased Avork and pre.s.sure to the pathologic changes in 
the Avails of the arteries. Such a j-e]atio?i.ship i.s smilar to the pJilebo- 
sclerosis of the inferior vena cava .seen in long-continued chronic iias- 
sive congestion. 

Only tAvo ca.scs of an anomalous riglil coronary artevv avisiinr from 
the pulmonary artery have been reported. In contrast to the loH holli 
were adults Avho died of unrelated disease.- itronekeherg's patient was 
a male 30 years old Avho died of an epileptic fit, Avith a fracture of the 
scapula and a dural hemorrimge. Schley’s patient Avas a svphilitic man 
hi years of age. In contrast to the ca.so.s with anomalous ‘left coronarv 
arteries, no significant pathologic clmnges were found in the invo 
caidium. In these eases the right coronary artery Avas thin walled and 
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Of venous character. The absence of anatomic changes in the mvo 
eardium and the absence of symptoms were attributed to adequate col- 
lateral circulation between the coronary arteries. Tliis, however, was 
merely an assumption as it was not demonstrated in eitlier ease. ’ One 
cannot draw a generalization on the basis of two cases. It appears 
Hulikely that collateral circulation is more likely to occur from the left 
to the right coronary artery than the reverse. Tlie explanation sug- 
gested by Linck seems more plausible. Tlie left ventricle lias more woik 
to do and hence requires more oxygen. The oxygen content of the 
venous blood is adequate for tlie riglit ventricle and not for the left. It 
is interesting to note that, altliough sclerosis occurs frequently in both 
coronary arteries in the adult, ischemic fibrosis is rare in the right ven- 
tricle, whereas it is common in the left. 

There are only two eases reported in Avhich both coronary arteries 
arose from the pulmonary artery. Grayzel and Tennant’s patient was 
a 10-day-old female with associated congenital atresia of the tricuspid 
orifice and interventricular septal defects. No histologic description of 
the myocardium is given. Limbourg’s patient was also a 10-day-old 
infant who developed cyanosis and dyspnea after the third day. N-ray 
examination revealed a large heart. Autops.v disclosed tentorial tears 
and a large heart due predominantly to a huge left ventricle. ^licro- 
scopie examination of the myocardium revealed fat droplet (hydropic?) 
degeneration equally present in both ventricles. Unfortunately, no 
illustrations of the myocardium are given. The impression obtained 
from reading this paper is that the histologic changes were meagre al- 
though grossly there Avas a disproportionate increase in size of the left 
ventricle. 

COMJIENT 

From this I'cview, it Avould appear that the origin of both coronary 
arteries from the pulmonary artery is incompatible Avith life beyond 
infancy, that the origin of the right coronary artery from the pul- 
monary artery is compatible witli health and is asjunptomatie, and that 
the origin of the left coronary artery from the pulmonary artery is 
compatible Avith health in the presence of an adequate collateral cir- 
culation. In the absence of an adequate collateral circulation, this 
anomaly giA^es rise to a clinical picture chai’acteiized by angina, pec- 
toris, particularly precipitated by feeding, and left ventricular failure. 
Anatomically (roentgenologically) a huge heart AA-ith aneurysmal dila- 
tation of the left ventricle is found. The electrocardiogram taken m 
one case showed a late deep inversion of the T Avave in all leads. These 
sjmiptoms appear most commonly in the second or tlnrd month ot bfe, 
and death usually occurs in the third to the fifth month. 

SUJIAtABl’ 

1. A case in Avhich the left coronary artery arose from the pulmonary 
artery is described. 
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2. The literature of anomalous coronary arteries arising from the 
pxilinonary artery is reviewed. 
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19. Grayzcl D. M and Tennant, R.: Congenital Atrosia of tlio Tricuspid Orilice 

Am. j!'Sh.“l0°”9T 19?? <>'c Pulmonary Arterie.s, 

20. Limbourg, M.; Ueber Jlen Ursprung der Jvranzartorion de.s Herzens niis dor 

na Pulnionalis, Beitr. z. path. Anat. u. z. aJlg. Path. 100: 393, 1937 

D. Persistence of FmVryonic Sinusoids 
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Nonidez, J. F.: Studies on the Innervation of the Heart. II. Afferent Nerve End- 
ings in the Large Arteries and Veins. Am. J. Anat. 68: 151, 1041. 

The composition of the aortic nerve and the distribution and structure of the 
aortic pressoreceptors are first considered. It is pointed out that some of the af- 
ferent fibers are very thin and give rise to terminations which lack the reticular 
swellings observed in the arborizations of the larger fibers (Fig. 3). These termina- 
tions, however, are regarded as pressoreceptors since they do not occur elsewhere 
in the aorta, left subclavian and innominate arteries. It is suggested that they 
are probably the last ones to cease functioning when the blood pressure reaches the 
200 mm. Hg level. 

The terminations in the arterial ligament arc discussed in the light of the work 
of Takino and Watanabe, who believe that they function during fetal life. This 
is questioned because the physiologic activity of the pressoreceptors requires a lo^c 
of blood pressure are not reached until post-natal life. It is also^ pointed out that 
some of the nerve endings in tlie ligament are probably terminations of paia 
sympathetic postganglionics ; this would explain the contraction of the ducUis 
arteriosus observed by Barcroft and co-workers in guinea pig fetuses upon excitation 
of the left vagus. 

The complexity of the receptors in the large veins increases " 

general ivay they appear more scattered than in the younger amnia s. le 
in the superior and inferior venae cavae persist after cervica am upp • ■ 

in fl.e cat (Fig. 4), but the 3 „b.n 4 ..hclial .n.l * 

ines in the pulmonary veins degenerate. This proves that the cai.i "J 

long to afferent fibers coursing in the vagus, but does not ^ ,],p 

US to the course follou-ed by the Sbers ending in the pnbuonurv ve.us becuuto ot 

presence of vagoeymputhotic auastomoses. ^ 

In the pulmonary veins of puppies there aie (Fig. 5): and 

flattened arborizations swenings'in their branches, situated in 

(b) more compact arborizations with targe siimi 

the subendothelial layer (Fig. 6). (.oniicc- 

The role of the nerve arborizations in the of receptors in 

tion with the researches of Daly and his of receptors responsible 

,1.0 pulmonary vascular bed. The queehen «t *>'« “1““,,,. I Waele a.d 


bed. The question oi me a,,,! 

for the pressor effects observed by hIcDowall am, more re filtArc for tlieso 


the pulmonary 

; ^ ^n"r:u::g::;:;d‘;w ;he“aff;;ent fibers mr t,.eso 

Van de Velde is also considered, and it is 


van ae - , Vimm 

refle.xes run in tlie sympathetic as wc as i 

Other afferent nerve endings present in t 

are briefly considered. 


AUTUOi:. 


12S 
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S-Ith, A. I..: Slettogiam .nl "" *” “ 

Pregnancy. Am. J. Obst. & Gynee. 42; 908, 1941. 

A .< fet«s» fc als. ,ee.,ai«e of Ite. !»»« soooas, .-l.iol. 

could be audited when desired, are reported. 

A twin pregnancy in which there was a question of viabi } 

'""The’stethogram and recorded disc of the twin fetal heart sounds made the positive 
diag^osfs of two live fetuses, and this was coniirmed by the birth of two normal 

TMs is believed to be the first stethograin and disc recording of twin fetal heart 
sounds reported in medical literature. AUTHOR 


Smith, A. L.: Becording and Beproduction of a Petal Heart Murmur Confirmed 
After Birth. Arch. Pediat. 58: 549, 3941. 

It is believed this is the first report in the medical literature of a fetal heart 
lesion recorded in a stethogram or on a phonographic disc. 

It is believed that a diagnosis of prenatal heart lesions can be made by either 

method. 

In this case the prenatal diagnosis of a heart lesion was confirmed after birth 
and one year later. 

Author. 


Smith, A. L.; Confusion in Differentiation of Heart Murmurs and Sounds, J. 

Kansas M. Soc. 42; 457, 1941. 

Murmurs may occupy any part of or be continuous throughout tlie cardiac cycle. 

Murmurs of organic or inorganic heart origin, of intracardiac or e.vtracardiac 
origin, and murmurs of all types and the various other heart sounds are often con- 
fused. This oftentimes results in unnecessary treatment or lack of necessary treat- 
ment, much to tlie detriment -of tlie patient in either case. 

This confusion can be prevented in most of tliese eases by the employment of 
accurate cardiac instruments. 

Murmurs in themselves are no disease and need no treatment but, when accu- 
rately diagnosed, point to tlie underlying cause which often can be eliminated. 

The earlier the recognition of the murmur and its cause, the earlier proper treat- 
ment may be instituted. 

Tlie advancement of metliods of auscultation and the accurate registration of 
heart sound findings have increased our knowledge of the heart, but all other metliods 
of any value must be used, as well, to arrive at a complete, accurate understanding 
of the condition of the heart. 

Author. 


Butterworth, J. S., and Poindexter, 0. A.: Short P-B Interval Associated With a 
Prolonged QES Complex. Arch. Int, Med. 69: 437, 1942. 

The syndrome of sliort P-E interval with a prolonged QES complex is briefly 
reviewed, and two cases are reported. 

An experimental study of eats and dogs showed that by the use of an abnorma] 
electrical conducting pathway it was possible to produce electrocardiographic pat 
terns closely resembling those occurring in liuman beings with the syndrome ^ 
Me feel the most logical explanation of this sjmdrome at present is a ventricula, 
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Further study, vritli a modification of the anuaratuq hcp/i i i , 
elucidating other problems in cardiac physiology-. ' ‘ helpful in 

Airrnor:.s. 

Geiger, A. J., Calabresi, M., and Blaney, L. F.: A Justification for the Increasing 
Use of Electrocardiography in Hospital Fractice. Am. J. il. Sc. 203:^19. 39“ 

• electrocardiography in local hospital practice appears 

justified. Bequests for routine unnecessaiy electrocardiograms are decried, hut thei; 
liberal use, if applied judiciously and intelligently, discloses abnormalities of clin- 
ical value sufficient to warrant the extra expenditure of laboratory service. 

AuTiroRs. 


Klamer, M. J., and Altschule, M. D.: Prolongation of the P-K Interval in Pa- 
tients Witli Paroxysmal Auricular Pibrillation and Flutter Following Myo- 
cardial Infarction. Am. .T. AI. Sc. 203: 21-5, 3942. 

The frequent occurrence of auricular fibrillation and flutter following cardiac in- 
farction cannot be ex-plained as directly due to anatomic findings, since the latter 
lesions are almost always ventricular. 

Sixty-four per cent of patients with paroxy-smal auricular fibrillation and flutter 
due to cardiac infarction also have a variable but abnormally prolonged P-R inter- 
val within a few days of the onset of fibrillation. 

Available evidence, though scanty, suggests that the prolonged P-Ji interval of 
cardiac infarction is probably due to increased vagal activity. 

Since increased vagal activity appears to be one factor responsible for the oc- 
currence of auricular fibrillation in general, the occurrence of this arrhythmia fol- 
lowing ventricular infarction becomes understandable. 

Authors. 

Brody, H,: Drainage of the Pulmonary Veins Into the Eight Side of the Heart. 

Arch. Path. 33; 221, 1942. 

Drainage of all or of part of the lungs into the major venous system is rela- 
tively uncommon. One hundred cases, of which thirty-five represent total drain- 
age into the right atrium or its tributaries, have been collected from the liter- 
ature. Two additional cases are described) in one the pulmonary veins drained into 
the coronary sinus, and in the other, into the superior vena cava. Of the thirty- 
seven patients with complete drainage into the right side of the heart or its tribu- 
taries only eight lived beyond six months. In all cases in whicii tlie information is 
available, the foramen ovale was open. In about one-half, the ductus arteriosus 
was closed or almost closed. In the latter, all the blood reaching the systemic 
circulation passed through the aortic valve and, to reach the left side of the heart, 
passed through the foramen ovale. As the balance between the right and the left 
side of the heart in these cases had to be maintained through the foramen ovale and 
the ductus arteriosus, the gradual closing of these, particularly the latter, might ha^e 
produced imbalance, with decompensation and death. In comparing cases in which 
there was partial or total drainage into the right side of the heart, U appears that, 
when le=S than 50 per cent of the pulmonary- return is abnormally earned into the 
major venous circulation, there is little likelihood of decompensation, and such per- 
sons reach adult age. 

The possible embryologic exiflanations of these eases are briefly di.-cussed. 


.-VUTIIOR. 
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SMlUto, r. H., Chamlierlain, T. L., and Levy. E. L.: 
cidence and Correlation of Various Signs, Witn 


Cardiac Infarction: The In- 
Remarks on Prognosis. J. A. 


M. A. 118: 779, 1942. 

lu the fifty cases of uncomplicated cardiac infarction an analysis was made 
of the incidence, time of appearance, and duration of certam s'gns- 

Increase in the sedimentation rate of the erythrocytes was obscrv d in all but one 
instance. Fever occurred invariably. Other signs were less frequently P^^se . 

A rectal temperature above .104° F., a leucocyte count higher than -.o,000 or a 
venous pressure over 200 mm. of water indicated a grave prognosis. Seven of ^ 
eight patients showing any one of these signs died within . sixteen days after the 


coronary attack. 

The level of the sedimentation rate is lielpful in the dilTercntiation between an- 
ginal pain and cardiac infarction. It is of particular value in cases of infarction 
with mild symptoms which are not seen by the physician during the first few day.s 
of illness. The degree of increase is not an index of the severity of the attack nor 
does it serve as a guide in prognosis. 

AuTiions. 


Butterworth, J. S., and Poindexter, C. A.: The Formol-Gel Test in Rheumatic 
Fever. Am. J. M. Sc. 203: 278, 1942. 

The formol-gel test is essentially a test for liyperglobulincniia and has no correla- 
tion with the erythrocyte sedimentation rate. 

It is of little or no value in the diagnosis of acute rheumatic fever with or with- 
out carditis. 

AuTHOns. 


Ash, R.: Cardiac Signs in Rheumatic Infection of Childhood. Am. J. Dis. Child. 
63: 1, 1942. 


The cardiac findings in a group of 553 rheumatic children who had been ob- 
served over an average period of 9.6 years following the primary infection are 
described. 

Thirty-eight per cent of the group presented no definite clinical evidence of heart 
disease during the initial illness. Signs of valvular deformity made their appear- 
ance subsequently in 19 per cent of these children, associated with acute recrudes- 
cences of rheumatic infection in SO per cent of the cases. 


There were 340 children in whom a diagnosis of heart disease Iiad been made 
following onset of the infection. Regression of cardiac signs occurred in 10 per 
cent. ^ 

A mid-diastolic blow heard to the right of the apex in association with a sys- 
tolic murmur tended to appear early in tlie course of acute carditis (at a time when 
the mitral valve is dilated rather than stenosed) and to disappear with subsidence 
of the infection. It would seem to be an indicator of active infection rather than 
a guide to the presence of a narrowed valve. An additional clue to the existence 
of active carditis was the presence of a high-pitched musical screech heard as a com- 
ponent of the systolic murmur in the region of the apex. 

The diastolic thriU and rumble of the adult type of mitral stenosis had developed 
m somewhat less than 10 per cent of the cases, the average delay of appearance Imv- 
mg been five years following onset of rheumatic infectiom PPe‘i>-*ince Im^ 

The outcome of the disease was influenced bv the tvup of * 

presenting the most ominous prognosis, and chorea, the most favoraWc** *^Chorea 
was most common as an initial manifestation among persons wlin dovoino i ^ 
stenosis and least common among those who developed aortic insufiiciency ™ 
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Acute pancarditis ivas associated with the highest death rate, followed in order 
of severity by aortic and mitral disease and by combined mitral insulllcioncv will 
stenosis. The death rate was relatively low among those with pure mitral st’eno.i. 

At the end of the period of observation one-fourth of the children had died of 
heart disease, a third of these deaths having occurred within the first year of infec- 
tion. Sixty per cent of the group either had no heart disease or were not prevented 
by their cardiac damage from leading a normal existence. 

Author. 


Irving, L., Scholander, P. p., and Grinnell, S. W,: The Eegiilation of Arterial 
Blood Pressure in the Seal During Diving. Am. J. Physiol. 135; 557, 

Although the heart of the seal .slow’s during diving below 10 per cent of the resting 
frequency, electrocardiogi'ams showed little change in individual heart boats. Tlic 
pressure in the femoral artery remained at the normal level in spite of the brady- 
cardia. An, example of peripheral vasoconstriction is shown in the clo.sure of an 
artery of the toe during the dive. This arterial constriction is apparently under 
reflex control and may be set in operation by many stimuli bearing no relation to 
respiration. Observed contraction of mesenterial vessels showed that there is a 
considerable reduction of their circulation during diving. These e.vamplcs of 
peripheral vasoconstriction during diving along with others that are known indicate 
vascular adjustments which serve to maintain a normal arterial pressure which could 
maintain the circulation of a few tissues like the brain in spite of the extreme 
bradycardia. 

Authors. 


Young, Richard H.: Association of Postural Hsipotension "With Sympathetic 

Nervous System Dysfunction; Case Report, With Review of Neurologic Peaturos 

Associated With Postural Hypotension. Ann. Int. Med. 15: 910, lOll. 

A review of the literature reveals that neurologic features are quite common in 
cases of postural hjqiotension. In recent years there has been an increasing interest 
in the possibility that postural hypotension is a manifestation of dysfunction of 
the sympathetic nervous system. 

A case is reported which shows clinical features of a bradykinctic type of 
Parkinsonian syndrome associated with marked postural hj’potension and other 
manifestations of sympathetic nervous system dysfunction. 

As a result of pharmacologic ex-perience in this case, it is suggested that the bc.^t 
method of therapy is one which produces sympathetic stimulation with ephedrinc or 
benzedrine, and parasympathetic inhibition by drugs of the atropine group. 

Author. 


Luke, J. C.: The Diagnosis of Chronic Enlargement of the Leg. Surg., Gynec. & 
Obst. 7: 472, 1941. 

This presentation is an attempt to organize the scattered information on the 
subject of the unilateral, chronic, enlarged leg so as to present a guide m its 

diagnosis. The subject of treatment has been excluded. 

Six main groups are described, each dilTcrent from the standpoint of c lolog . 
They are: congenital hypertrophy; lymphatic stasis and ob.stniction, bo h o - 
genital and acquired; developmental venous retardation; mixed lymphatic an 
venous partial obstruction; congenital arteriovenous fistulas; and m.scellaneo .. 

Group three, that of developmental venous retardation, is presented, a.. 
can be discovered, for the first time and a ease history is given in detai . 


Author. 
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Anto.1, Nil.: Bnereer'. BtoB., Thr.mllo-A.glltte OWto,™. to the Br.ta. 

Beport of Three (Pour) Oases. Acta mod. Scandinav. 108. E J- 

To summarize, it may be said that cerebral forms or eases of Buerper’s disease 
are certainly not extremely rare; many palient.s thought, to have f ' 

sclerosis probably suffer from this condition. One has to think oi ' • 

when confronted with cerebral disease in a young person, e.spccially if the att.icKs 
are inanv and fleeting, and if one and the same focal sign disappears mid recurs 
maybe several times, perhaps to stay in the end. A combination of peripliernl and 
central angiopathv should give special reason for suspicion. Inteniutteiit claudi- 
cation coupled with repeated cerebral insults, and perhaps cardiac disorder, slimiUl 
always lead to suspicions of Buerger’s disease. 

Unfortunately, there is not much to .say about the therapy, h.xtirpation of 
the cervical ganglions nnd periarterial synipathoctoiiiy led to iniproveniciit in 
four cases from the Foersfer clinic. A collection of 018 cases from the Mayo 
clinic in 103S reveals, among other things, that sympathectomy docs not cure the 
disease. If the thrombosis is primary to a certain extent, as it appears to be from 
the histologic picture in particular, the effects of heparin treatment sliould be 
tested. Perhaps the whole disease is a form of liypo-hepaTincmin. 


Altschiile, M. D., Linentlial, H., and Zamcheck, N.: Lung Volume and Pulmonary 

Dynamics in Eaynaud's Disease. Effect of Exposure to Cold. Prnc. f?nc. 

Exper. Biol. & Med. 18: 503, 1041. 

Three patients suffering from Raynaud ’.s di.sea.A-e were studied ns to whether 
their lung volume and pulmonary dyimmics were abnormal and whether exjiostire 
to cold affects tlieir pulmonary function. Abnormalities in lung volume and 
pulmonary d.ynamics were noted only in the patient with diffuse piilmomiry 
fibrosis. Exposure to cold cnu.sod no cbnngo in lung voliiiiie or it.s subdivisions in 
any of the patient.s. Tlii.s indicates that the blood ve.ssels of the lungs do not 
react in a manner .similar to tho.se of the hand and feet. This conclusion was 
strengthened by the observation that exposure to cold did not result in n ehniige 
in the circulation time through the lungs. 

Yanuki.i.kx. 


Davies-Colley, B.: Cirsoid Aneurysm. Guy’.s Ifosp. Rep. 90: 1.34, lon. 

■Six cases of cirsoid aneurysiii arc de.scribed with the treatment. 

All cinsoid aneury.stiis are the result of a devclopniental defect in the formation 
of the capillary barrier between the arterie.s and the veins. The ma.iorifv follow 
an intermediate stage of vi.sible dilatation of the capillaries, the cavonimis 

angioma. Trauma may play the part of an accessory factor in their formation 
out IS never the .sole cause. 

Author. 


Cohen, S. M.: Traumatic Arterial Spasm. Guv's IIosp. Rop 90: ‘’01 lO-li 



A n,..rio,™;cr 



134 


AMERICAN HEART JOURNAL 


gangrene infection, complete reduction may often be postponed for a few dnvs 
with greater safety. The phenomenon of arterial spasm is critically examined 
and it is recognized that much of it still requires explanation. The general 
features and rationale of the treatment of the jeopardized limb are discussed. 

Author. 


Hailey, H. E.: PopUteal Aneurysm. Guy’s Hosp. Hep. 90: 255, 1.041. 

Thirty-five cases of popliteal aneurysm are reviewed. The etiology of the con- 
dition is discussed, and the importance of trauma is stressed. S^Thilis does not 
appear to be an important cause. 

The relative frequency of the sj^mptoms and signs are analyzed. A swelling 
exhibiting expansile pulsation in the popliteal fossa of a young or middle-aged 
man of arduous occupation and intemperate habits and associated with pain in 
the knee or calf, and sometimes also with features of arterial occlusion forms 
the typical clinical picture. 

The only common complication is rupture which is frequently spontaneous, 
and often followed by gangrene. 

The various forms of treatment are detailed. Excision of the sac is advised 
as the method of choice in those cases in which it is technically possible. 

The rarity of gangrene following operations for popliteal aneurysm is com- 
mented upon. This is apparently due to the formation of an adequate collateral 
circulation in most cases before operation. 

In spite of this the importance of determining the efficiency of the collateral 
circulation before operation is emphasized. This may bo done by the reflex 
vasodilatation test, the reactive hyperemia test, by arteriography using uro- 
selectan, and not thorotrast which is dangerous, or by watcliing the effects of 
temporary occlusion of the main artery by a Crile’s clamp. 

Author. 


Welch, C. E., and Faxon, H. H.: Thrombophlebitis and Pulmonary Embolism. 
J. A. M. A. 117: 1502, 1941. 


It is only fair to state that the operation of ligation of the femoral vein has 
appealed to us more strongly as wc have become more familiar with the procedure. 
At present, we believe that the immediate decision to be made in any given case 
of thrombophlebitis is whether the patient should be treated conservatively or by 
ligation of the vein. If conservative therapy is cmplojmd, lumbar injection of 
procaine hydrochloride should he done if vasospasm is considerable. ^ If the deep 
venous channels are interrupted, heparin is often of value administered post- 
operatively. It must be emphasized that these concepts may be modified greatlj' 
as our experience increases. The important fact is that thrombophlebitis is no 
longer observed passively but is now accepted as a disease that must bo vigorously 


treated. 


Autjiors, 


Felner, E., and Cohn, I. Primary Thrombosis of the Axillary and Subclavian 
Vein. Am. J. M. Sc. 203: 340, 1942. 


The literature concerning primary or effort thrombosis of the axillarj “ 

clavian veins has been reviewed. Three personally observed cases, two of jl d. 
were accompanied by venography, were described. The possible causes of this 

condition were evaluated. 
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thrombosis. AUTHOii.S. 


Tahr G and Ershler, I.: Studies of the Factors Concerned In Edema Fornmtion. 

IL The Hydrostatic Fressure in the Capillaries During Edema Formation in 

Bight Heart Failure. Ann. Int. hied. 15: 79S, 1041. 

The cause of edema formation in right heart failure is the rise in cnpillarj 
hydrostatic pressure. Ano-vemia probably plays no essential part in edema forma- 
tion in right heart failure. 

A tendency to edema formation develops when the hydrostatic pressure in 
the venous end of the capillaries rises to within 2 mm. or less of the colloid 
osmotic pressure. If the patient is up and about, if no precautions arc tahen as 
to salt and water restriction, and if no diuretics are given, cdcina will develop. 

If the colloid osmotic pressure is the normal of 22 mm. Hg, edema tendency 
is present if the hj-drostatic pressure in the venous end of the capillary is 20 mm. 
Hg or the venous pressure in the arm vein is 13 mm. Hg or 17 cm. II.O. 

A drop in colloid osmotic pressure of 7 nun. Hg or n rise in capillary prcs.siire 
of 8 mm. Hg produces approximatelj' the same edema iendcncy. 

Edema tendency is present when the colloid osmotic pressure is not more than 
9 mm. Hg higher than the venous pressure in the arm. 




Stead, E. A., Jr., and Ebert, E. V.: Shock Syndrome Produced by Failure of the 
Heart. Arch. Int. Med. 69; 369, 1942. 


A clinical picture which is similar in certain respects to that observed in sur- 
gical shock or hemorrhage is sometimes seen in patients with chronic congestive 
failure or with acute myocardial infarction. The patients present signs of n 
decreased peripheral blood flow with diininislicd or no radial pulse, cold extremi- 
ties, narrowed pulse pressure and a relatively well-nmintaincd diastolic prc.ssure. 

The patients with a previous historj- of congestive failure had an elevated 
systemic venous pressure. The patients with acute myocardial infarction without 
previous congestive failure had a normal systemic venous pressure but exhibited 
marked pulmonary congestion and edema. 


There was evidence of slight liemoeonccntrntion in the patients with ncuto 
myocardial infarction. Tliis may be due to loss of fluid into the lungs. 

Because of the simultaneous presence of evidence of diminished peripheral 
blood flow and evidence of congestion either of the pulmonary or of the S 3 -stemic 
venous bed, it is thought that the clinical picture is produced bj' fnihiro of the 
heart, rather than by an inadequate venous return due to n docrense in blood 
volume or to peripheral pooling of blood. 


The terms peripheral circulatory failure and shock should not be applied to 
the signs of a decreased cardiac output due to heart failure. They should be 
restricted to those conditions in which the cardiac output is diminished because 
of an inadequate venous return. 


XVU i 


Abramson, D. I, and Fierst, S. M.: Besting Peripheral Blood Flow in the Hvner- 
thyroid State. Arch. Int, Med. 69; 409, 1942, 

The rate of blood flow through the hand, forearm and len -n-nc ^ v i • 
the changes in flow for some time after thjToidectomy!'''' ^ 
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The average resting blood flow in the forearm and leg of the hyporthyroid 
subjects was significantly increased over that of a control series. After tlaVoi.l- 
ectomy there was a decrease, with a return to a normal level in eleven to sixtv- 
three days after operation. 

The average resting blood flow in the hand was not strikingly increased, al- 
tliough some of the individual readings %vere significantly greater than those of 
the control group. After thyroidectomy in the majoritj" of the cases the flow 
decreased to a subnormal level. 

The rate of fall in peripheral blood flow to normal levels, subsequent to opera- 
tion, occurred more slowl}’- than did the decrease in pulse rate and pulse pressure. 

Authors. 

Warren, M. P., and Drinker, C. K.: The Plow of Lymph Prom the Lungs of the 

Dog. Am. J. Physiol. 136: 207, 1942. 

A method for collecting lymph from the lungs of the dog is described. The 
experiment requires opening the chest to expose the anterior mediastinum and 
artificial respiration is used during its course. 

The composition of lung lymph resembles that of cardiac Ijunpli. In eiglilecn 
dogs the average protein content was 3.66 per cent. 

When artificial respiration is unduly great or when the lungs are quiescent, 
lymph flow is greatly reduced. 

Ventilation with a mixture low in ox^^gen invariably increases lymph flow. 
If pressure in the pulmonary veins is heightened, lymph flon- is greatly augmented 
and the lymph soon resembles blood. 

The drainage of lymph from both lungs is in the main via the right lymphatic 
duct, comparatively little lung l3'mph being delivered to the circulation b.v the 
thoracic duct. 

Authors. 


Sanches-Perez, J. M.: Cerebral Angiography. Surgery 10: 535, 1941. 

A complete cerebral angiographic exploration can establish in manj' cases an 
exact diagnosis of a lesion which is impo.ssible to define and to localize b;' other 
means of exploration, as in cerebral aneur^’sm or angioma. 'Ihc author uses 
thorotrast and describes the technique. He states that the jirocedure is harmless 
to the patient. 

NAinu. 

Gross, S. W.: Cerebral Arteriography With Diodrast, Pifty Per Cent. Radiog- 
raph 37: 48 7, 1.041. 

The injection of 50 per cent diodrast into the common carotid artery uniformly 
resulted in good visualization of the cerebral circulation. The technique of ad- 
ministration is fully described. 


Clagett, A. H., Jr.: Cardiac Koentgenology: The Value of Exact Cardiac Meas- 
urements. Am. J. Roentgenol. 46: 794, 3941. 

As a a-holc, the cardlotl.oracie nilio is anreliablo n, an inilen of car.li.e 
abnormalit,-. It is felt that too mueh stress is being placed open enrd.ae n.ess <■ 
merts espeeially the cardiothoracic ratio. The sreatest amonnt of .aformal on 
"btalJablo from the roentgenologic stndy of the heart is the conligaral.o,, of 
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cardiac silhouette.- This is best obtained by 

Lr ad,n;ct to eliniem .othods, the roentgen 
ray can be of great value in the diagnosis of heart disease. 

Brock, B. 0.: Brachial Artery Emholectomy. Beport of an Unusual Case. Guy '.s 
Hosp. Kep. 90: 230, 19«. 

A aa,. is ..ported in .vM.I, sin (p.ssil.ly seven) ""“"“I, Ur" 

a period ot eipUl years Id a nron sniTering from nnrtenlar r.br.linlion and 

stenosis. , ... 

These emboli had led to a right hemiplegia with aphasia, gangrene o ic 
right leg necessitating amputation, and isehcniic necrosis of the e t nn crior 
tibial muscles causing paral.vsis and deformity of the left log. I is 
ing useful limb, the left arm, was threatened by a seventh embolus which lodgm 
in the left brachial artery. Operation was performed some seven hours after 
embolism, and the artery was repaired by suture nftcr removal of the embolus. 
Immediate and dramatic restoration of the circulation in the limb followed. Con- 
valescence was uneventful. 


Spalding, J. E.: Periarteritis Nodosa and Its Surgical Significance. Beport of a 

Case. Guy’s Hosp. Bep. 90: 234, 1941. 

A case of periarteritis nodosa simulating chronic cholecystitis with gall.stoiios 
is described. The diagnosis was made bj' histologic examination of the organ. 
After operation, general symptoms of the disease appeared. 

Although periarteritis nodosa is a nonsurgical condition, it is of interest to the 
surgeon because of its occasional close mimicry of acute or subacute .surgical 
diseases, more especially of tlie abdomen. Sometimes a true surgical emergency 
may be caused by it. 

The full clinical picture is outlined, in the polysympfomntic cases the correct 
diagnosis should be made, but wJien the first .symptoms suggest an abdominal 
emergency (such as acute appendiciti.s, .simulated by a hematoma) a correct 
clinical diagnosis may be irapos.sible. In .such cases histologic examination may 
indicate the correct diagnosis. 

Autjiou. 


Woods, W. W., and Peet, M. M.: The Surgical Treatment of Hypertension, II. 
Comparison of Mortality Following Operation With That of the Wagcner-Kclth 
Medically Treated Control Series: a Study of Seventy-Six Cases Prom Five 
to Seven Years After Operation. J. A. IM. A. 117: 1508, 1941, 


The prognosis of patients with a high level of blood pressure and angio.spmstic 
changes of the retinal arterioles is much more favorable following operation fliaii 
following medical treatment. 


The surgical treatment of patients with malignant- hypertension 1ms rc.sulfed 
m a survival of 33 per cent after five years, whereas following medical treatment 
in the control series the mortality was more than 99 per cent. 

In general, a favorable prognosis following operation seems to depend on a 
iiiimal degree of retinal arteriolar sclerosis rather than on the level of blood 
pressure, or the absence of retinitis with hemorrhages and exudates, or papuirn^ 


Authors. 
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Jensen, H., Corwin, W. C., Tolksdorf. S., Casey, J. J., and Baniman, F.: Reduc- 
tion of Arterial Blood Pressure of Hypertensive Rats ky Administration of 

Eenal Extracts. J. Pharmacol. & Exper. Therap. 73; 38, 1941. 

A method is described for the preparation of renal extracts which are capable 
of reducing the blood pressure of rats with experimental hypertension. A total 
dose of 58 Gm. equivalent of fresh hog kidney, injected intramuscularly twice 
daily for a period of four dajm, was found to produce a pronounced and prolonged 
lowering of the blood pressure. 

Oral administration of similar renal extracts at comparativelj- high doses 
failed to produce a comparable effect on the blood pressure. 

Extracts of beef liver and muscle prepared according to the same procedure 
as employed for renal extracts failed to lower the blood pressure in hypertensive rats. 

The failure of hog renin to produce a lowering of blood pressure in hj-pertensivo 
rats in our routine four-daj’ test seems to militate against the interpretation that 
the antipressor effect of renal extracts might be due to the formation of an anti- 
renin substance. 

Authors. 

Mudd, S., and Flosdorf , E. W. : Blood and Blood Substitutes in the Treatment of 

Hemorrhage, Secondary Shock and Bums. New England J. iled. 225: 8G8, 

1941. 

The role of blood and blood substitutes in the treatment of hemorrhage, second- 
ary shock, and burns is briefly discussed. 

Human plasma and serum are the most effective agents for restoring the 
volume of circulating fluid to normal in cases of shock and burns, as well as of 
hemorrhage in the absence of excessive bleeding. 

Although serum and plasma are most easily and economically preserved in the 
liquid form, drying from the frozen state by the lyophile, cryochem and desivac 
processes is recommended for war purposes and under conditions requiring pro- 
longed storage or transportation. 

Autjiors. 

Barondes, E. deE.: Night Blindness: Its Treatment With Vasodilating Dnigs. 

M. Eec. 154: 427, 1941. 

When the retinal arteries, arterioles and capillaries become spastic, or mildly 
sclerosed as a result of disturbances of innervation, etc., the vessels are unable 
to deliver the amount of blood to the nerve endings in the light-pcrcei^ ing laj or 
of the retina. Consequently a state of nutritional increase of visual purple 
arises in these parts, and the metabolic increase of visual purple cannot take 
place. Without ample regeneration, a depletion of this night-seeing agent results, 
and the reaction to faint illumination, as in darkness, becomes very poor. 

The administration of vasodilating drugs markedly increased the eyes' sensi- 
tivity to faint light. The drugs which can accomplish this are nitroglycerine, 
thiocyanates, strychnine, hexanitratc, erythrol nitrate, and erythrol succinate. 
However, in advanced arteriosclerosis little vasodilatation can be expected. 


Author. 



Book Review 


La Enfermedad Keumatica: By Domingo Drrutia M., .Tefc do Climcii Jledica, fim 
Samuel Vaisman B., Ayudante do Clinica Medica, Dnivcisidad do Clnlc. Imprcnta 
“La Sud-America,’> Santiago dc Chile, 1941, 191 pages, 22 illustrations. 

This is a report which was presented at an annual meeting of the Medical Society 


of Santiago. _ _ _ 

After a chapter on the social importance of rheumatic infection, .the authors dis- 
cuss the etiologj’ and pathogenesis of the disease. Tlic infectious theories arc reviewed, 
and the allergic theory is emphasized. Predisposing causes, such as heredity, sex, 
climate, and focal infection, are considered. TIic value of tonsillectomy is under- 
estimated in the prevention of rheumatic fever. The authors admit that tlic cause 
of the disease is still unknown, and that the observed lesion.s arc the re.'-ult of 
sensitization to different bacterial proteins, especially from bacteria wliicli produce 
acute inflammation of the throat (among which the .^trcpfococciis hciiiolyticun is the 
most important). No mention is made of the possibility tbnt a filterable virus may 
be the etiologic agent, in spite of the fact that valuable cvidoiico has recently been 
obtained to suggest it. 

Inasmuch as the pathologic changes take place in the mesenchymal tissues, typical 
lesions may occur in any organ. They consist of the following, in the order given : 
(a) exudative-degenerative changes which terminate in necrosis of the collagenous 
bundles, (b) proliferative changes which lead to the formation of the spociflo giganto- 
cellular granuloma (Aschoff nodule), and (c) .scarring of tlic lesions. In the lieart 
the characteristic location of the lesions is the po.stcrior wall of the loft ventricle 
and the septum. The myocardial involvement is the most important, and, according 
to the authors, pericardial and endocardial le.sions play only a secondary role in 
causing heart failure and death. 

Eheumatic infection is regarded as a chronic disease, with acute, recurrent at- 
tacks. The myocardial lesion is constant, especially in young people. The other 
manifestations (pol 3 'arthritis, chorea) are said to be important onlj' for diagnostic 
purposes. 

The extent and severity of the myocarditis are related to the ago of the patient 
at the time of onset of the disease, and to the duration and number of rccurrcucos. 
The intensity of the myocarditis and the tendency to recurrence are inversely pro- 
portional to the age of the patient. 

Sedimentation rate, roentgenologic examination, and the electrocardiogram are 
discussed. The prolongation of the P-R interval and the A-V block which lire so 
commonly encountered are attributed to edema of the bundle of His and increased 
excitability of tlie vagus. 

Sodium salicylate and aminopyrino are regarded as useful in the treatment of 
the jomt manifestations, but have no effect on the cardiac involvement. ■ These drutrs 
are said to be antiexudative and antiallergic. ' ” 

The prophylaxis of the disease is discussed. 


AJjDo Luisada. 
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'T’HE American Heart Association is the only national organization devoted to 
educational work relating to diseases of the heart. Its activities are under 
the control and guidance of a Board of Directors composed of twenty-seven 
eminent physicians who represent every portion of the country. 

A central office is maintained for the coordination and distribution of impor- 
tant information. From it there issues a steady stream of books, pamphlets, 
charts, films, lantern slides, and similar educational material concerned with the 
recognition, prevention, or treatment of diseases of the heart, which arc now the 
leading cause of death in the United States. The Ajierican Heart Journal is 
under the editorial supervision of the Association, 

The Section for the Study of the Peripheral Circulation was organized in 1935 
for the purpose of stimulating interest in investigation of all t 3 'pcs of diseases of 
the blood and lymph vessels and of problems concerning the circulation of blood 
and lymph. Any physician or investigator may become a member of the section 
after election to the American Heart Association and payment of dues to that 
organization. 

The income from membership and donations provides the sole financial support 
of the Association. Lack of adequate funds seriously hampers more intensive 
educational activity and the support of important investigative work. 

Annual membership is $5.00., Journal membership at $11.00 includes a year’s 
subscription to the American Heart Journal (January-Deceraber) and annual 
membership in the Association. The J oumal alone is $10.00 per j car. 

The Association earnestly solicits your support and suggestions for work. 
Membership application blanks will be sent on request. Donations will be gratcfulli 

received and promptly acknowledged. 

•Executive Committee. 


140 



American Heart Journal 

Yoh. 24: August, 1942 No. 2 


Original Communications 


THE EXPEEIMENTAL SIJIULATION IN TJn5 DOG f)]^ TllE 
CYANOSIS AND HYPERTEOI^HIC OS'l’lCOAK'j’JlROl’Al'IIV 
WHICH ARE ASSOCIATED WITH CONTJENITAL 
HEART DISEASE 

IRiltox JIrndlowitz, ]\r.D., and Auan Lk.smi:, I^I.D. 

New York, N. Y. 

I 'HE fiuidaincutal dislurbaiicc iu Ihe cyanotic form of (’Oj),uo))j)a! 

A heart disease is a .shunt of iniacrated blood into the .sy.slomitt cirnila- 
tion. The purpose of our o.\pori men Is was to e.slablisli Kueli a slnijit and 
to study the resulting circulatory and skclcta! cliange.s. 

Many attempts have been made to establish Rstnlae bolAvccn vc.ns-cIs 
eontaming aerated and unacrated blood. For e.sami.lc, ana.stomoso.s 
lia\c been made between systemic artery and vein' and svsletuic artorv 
and pulmonary artery.^ hhstulac ]»ave also been created between th’e 
left and right auricles or ventricles.^ It i.s apparent, however, that 
at the sites of the.se ana.stomosas, aerated blood is at a higiior in-essure 
than nnaeratad blond. Since Idood lion- is ahvavs in II, e diveelion of 
lower presanre, .aerated blood is inirodueed inlo the pnbnona,-,- • «! 

- 

the place of contiguity of tlic pulmonary artcn^and'tht'\”f/’"'" 

After many unsuccessful trials we wev' 1 1 \ Gtiriele. 

tomosis in fom- dogs. ’ ” ^ ® c.stablish this anas- 
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PROCEDURE 


Mongrel dogs weighing from 13 to 25 kg, were nsed. Studies were undo one 
or two M-eeks before operation, several weeks after operation, and subsequcntlv nt 
approximately tnmonthly intervals. These studies were earried out under .^Idium 
pentobarbital anesthesia, and included measurements of oxygen consumption, cardiac 
output, blood volume, ether and cyanide circulation time, and arterial and venous 
blood pressure. Roentgenograms of the anterior e.xtremities were made from lime 
to time. Diodrast study of the heart by the method of Robb and Steinber-i was car- 
ried out on one dog. Post-mortem examinations were made on all animnTs 


The operative technique, described briefly in preliminary report.s,r., r. is now 
presented completely and with several modifications, as follows. After the do*' is 
anesthetized with sodium pentobarbital, a met.al cannula is passed transorallv bto 
the trachea. Escape of air around the cannula is prevented bv inflating a narrow 
cuff at the tracheal end through a side tube in the cannula. The dog is tlien placed 



Fig. 1. — Anatomic relationships and detail of suture anastomo.si.s. 


on its right side. A sandbag is placed under the right upiicr anterior part of the 
chest. The left and right forepaws arc secured above the animaUs head and the 
hindpaws are fastened in such a way as to make the abdomen horizontal. The chest 
is thereby fixed in an oblique position. The incision is made in the middle of the 
fourth intercostal space, extending from a point 2 cm. lateral to the sternum to 
the edge of the long .spinal muscles. Because an anticoagulant is used after opera- 
tion, special care is taken to insure thorough hemostasis. After the pleura is opened, 
artificial respiration is carried on through the tracheal cannula by iiifermitfcnt 
positive pressure insufflation. The ribs are then separated by a .«elf-retaining re 
tractor. The left lung is compressed toward the spine under wet gauze packs held 
in place by a retractor. An incision is then made in the pericardium, posterior 
and parallel to the left phrenic nerve, e.xposing the pulmonary artery and its left 
main branch, as well as the left auricle. The left pulmonary artery is dissected 
free, and a heavy silk ligature is passed beneath it for traction. A rubher-coverm 
curved clamp is then applied to the main and left pulmonary artery, witli its poinf.« 
directed toward the lung. The left pulmonary artery distal to the clamp is occludci 
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111 cliinii). 


by the application of a short, straight, nibbor-covcred, ^.^nricry 

maneuvers have been properly executed, there is now m . 

ad,-acent to the upper edge of the left guiva 

left lung is completely interrupted, but the right lung c . 

under the curved clamp into the right pulmonary art erj. A short, .traig . 

.ered, intestinal clamp is then applied to the base of the left auricular appendag . 


COY 


parallel to the curved clamp on the art6ry, in such a rvay that the anncular edge is 
apposed to the isolated segment of artery. Parallel longitudinal incisions, approx- 
imately the length of the diameter of the left pulmonary artery, are noiv made n 
these structures. After the suture, the diameter of the annstoinos.s hecomes ahoul, 
50 to 75 per cent of the length of the incision. 

Vaselinized, six-0, arterial silk, on a straight, atraumatic needle, is used for the 
anastomosis. An everting, running, mattrc.ss .suture is used, the technique of which 
is illustrated in Fig. L Before the suture is tied, tlio anastomosis is filled with 
physiologic saline solution. Tlic auricular clamp, distal arterial clamp, and etined 
clamp are removed in the order named. Tf the anastomosis has been successfully 
established, the auricular appendage i.s seen to balloon out during ventricular .‘•i.s- 
tole, and, if the auricle is palpated gently, a systolic lliril! i.s easily felt. 

Tlie pericardium is then closed by two or three interrupted sutures, and tlie riiis 
brought together In- two heavy silk sutures, each passed around the rib above and 
below the inci.sion. The mu.sclcs arc then ajiproxinmtcd liy running sutures, and the 
air in the pleural cavity is "blown olT” before final closure. Artificial re.spiration 
is then, stopped, and, finally, the skin incision is closed by a running suture, re- 
inforced by one or two tension sutures. Silk is used throughout. 

The postoperative administration of an anticoagulant prevents Ihroinbosi.s at the 
fistula. In some cxperinient.s hoparinr was used. .An initial dose of 0..1 mg. per 
kilogram was given, followed by the contimious intravenous administration of 0.2 
mg. per kilogram per hour for three days. In other experiments, Chlorazol Fast 
Pink, BKS, purified by the method of AIodclI,8 was used ; 0.5 c.c. per kilogram of a 
5 per cent solution was adinini.stcred intravenously iniiiiodiately after oi>eration. and 
this dose was repeated three times a day for three day.«. Larger doses were found 
to be toxic for tlie.se animals. Although heparin was less to.vie, the dye was c,Iieai>er 
and its action more prolonged. 

Certain precautions must be observed to insure .success. .Animals in poor con- 
dition should not be .subjected to this e.xtensive operation, whicli predisposes to }iul- 
monary complication.s. If air is trapped in the anastomosis, there may lie sudden 
death from air embolism, for tlie lungs no longer intervene between the pultnonary 
artery and left auricle. This is avoided by filling the anastomosis with physiologic 
salt solution before tying the suture. Thrombosis is avoided liy careful endothelial 
approximation and by the administration of an anticoagulant. Hemorrhage, on the 
other hand, is avoided by painstaking and complete hemostasis and bv' careful 
regulation of the dosage of anticoagulant. The stricfc.sl asepsis is nocossrirv. The 
dressmg must be applied firmly enough for moderate local compression ivithout coiii- 
promising respiratory c.xcursion. If postoperative pulmonary infection is si 
sulfathiazole should be administered. 


suspected, 


JtEASUREMEKTS AXD CALCULATIOXiS 


pressure was measured directly by femoral artery nunc- 

The’cti; T" o/the e.xternal u^r vdn 

The circulaLon time was measured with ether and cynnide and tlie Worn! vot,„nn 
was ascertained by a modification of the dye method The owol ! 
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(right heart) blood was determined in duplicate by the method of Van Slvkc ami 
Neill.9 The right heart blood was obtained by direct puncture. The oxygen" content 
of the saturated arterial blood was an accurate index of the blood hemoglobin. Tiie 
percentage oxygen saturation of the arterial blood was calculated. The dctails'of all 
these procedures have been described previously.io 

Before the shunt is established, the cardiac output, according to the Fick prin- 
ciple, n equals 

ox^'gen consumption in c.c. per minute 
A-V difference in vol. per cent 

This represents the pulmonary volume flow in c.c. per minute, which in this case is 
identical with the output of the right ventricle. Since the two ventricles must axpcl 
equal quantities of blood over any period of time, the total cardiac output is twice 
that of the right ventricle. Communications between bronchial and pulmonary 
vessels and the oxygen consumed in pulmonary metabolism are not included in the 
calculations. These factors, however, are probably negligible. 

After the shunt is established, the total cardiac output is again equal to twice the 
univentricular output. The left ventricular output now equals the pulmonary volume 
flow -plus the volume flow through the shunt. The pulmonary volume flow, P, can be 
calculated from the formula. 


P = 


100 


oxygen consumption (in c.c. per minute) 
A-V difference (in vol. per cent) 


In the calculation of the A-V difference, the oxygen content of the mixed venous 
blood is determined, as before, on the sample obtained by right heart puncture. 
The oxj'gen content of the arterial blood, however, cannot be determined directly 
on the sample obtained by femoral artery puncture because this contains shunted 
unaerated blood, as well as aerated blood. To calculate the oxygen content of 
aerated blood, such as issues from the pulmonary veins, the o.xygen content of the 
saturated arterial blood is multiplied b}' the preoperative percentage saturation of 
the arterial blood. This is justifiable because, with the animal breathing pure oxygen, 
the preoperative percentage saturation of the arterial blood varies between the 
narrow limits of 96 and 99 per cent, and because there is no postoperative impairment 
of blood aeration in the lungs. There should therefore be no significant variation in 
the percentage saturation of the postoperative, as compared with the preopcrati\e, 
pulmonarv- vein (aerated) blood. 

The volume flow through the shunt is calculated from a formula derived as follows: 
Let X = c.c. of shunted blood in 100 c.c. of femoral arterial blood; .’. 100 - x = 
c.c. of aerated blood in 100 c.c. of femoral arterial blood ; a = o.xygen content of 
femoral arterial blood in vol. per cent; b = oxygen content of shunted (right 
heart) blood in vol. per cent; c = o.xwgen content of pulmonary vein (aerated) 

blood in vol. per cent. Then, ^ = c.c. oxygen in x c.c. of shunted blood; and, 

~ = c.c. oxygen in 100 - x c.c. of aerated blood. Since the oxygen content 

of 100 c.c. of femoral arterial blood must equal the sum of the oxygen contents of 
X c.c. of shunted blood and of 100 - x c.c. of aerated blood, 

bx c(100 - x) 

100 ■“ 

_ 100 (a - c) 

^ “ b - c • 

This represents the percentage of shunted blood in the femoral arterial blood I 
and 100 - x represents the percentage of aerated blood. 
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Since eacli JOO e.c. of blootl cnpolica (puiinoimry volume 

calculated as follows: 

S : P :: X : 100 - x; 

S - 

100 - X* 

The left, and consequently the right, ventricular output, therefore, equals S + P. 


RESULTS 


]\Iany of the cxporiineiits tverc tmsticeessfiil. There was an nnntcdi- 
ate operative mortality due to accident or oYor-ano.stlicsia. iilany an- 
imals died because of pre-existing distemper or worms, which rendered 
them incapable of surviving so extensive an o])eralion. Before proper 
precautions were taken, death from air embolism occurred occasionally . 
If the anastomosis was made loo large, the consequent sudden Jind pio- 
found anoxemia was sometimes fatal. Posto])eralive ])\ilmonary or 


pleural infection was not uncommon, and was ])robably dne to llic pro- 
longed ischemia of the left lung at operitiion, predisposing it to infarc- 
tion and subsequent infeciioit. Pneumothorax and jilcural fistula were 
occasional fatal complications brought about by improper closure of 
the chest or by wound infection. If loo much anticoagulant was used 
or if hemostasis was inadequate, there was wound and intrafhoracie 
hemorrhage, with or without superimposed infection. In the early c.x- 
periments, when the fistula was made heUveen the left ]ndmonary artery 
and vein, thrombosis was the rule because of angulation of liio vein and 
because of the necessarily small size of the ana.stomosi.s. Thrombosis also 
occurred in the later experiments if appi'oximation of intima to endo- 
cardium was not exact, or if too little anticoagulant was used. In one 
experiment, the observations demonstrated progre.ssivc narrowing and 
final occlusion of the anastomosis by thrombosis. Occasionally, detach- 
ment of a thrombus caused embolism in the systemic circulation. In 
one experiment, bacterial endocarditis was found at autopsy and was 
probably caused by infection of a thrombus at the anastomosis. 


The results in the four successful experiments are summarized in 
Table I. There were no significant alterations in the arterial or venous 
blood pressure or in the ether circulation time. The cyanide circulation 
time, however, Avas definitely decreased in all the experiments. The per- 
centage oxygen saturation of the arterial blood was also uniformly de- 
creased. The greatest shunt was 47 per cent, and the smallest, 14 per 'cent. 
In the animals in which more than one postoperative study was made 
there were small variations in the pereeiitage shunt, probably heeausc 
ot variations in the pulmonary^ arterial pressure. The cell volume was 
mcreased m three of the four animals and the total blood volume was 
increased m the animal with the largest sliunt. Tiie hemoglobin (satu- 
rated arterial blood oxygen) rose significantly. in only one do- (No 33fi) 
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In the other three, it remained essentially unchanged, except for a 
transient postoperative anemia in one (No. 294). The systemic blood 
flow always exceeded the pulmonary blood flow by the volume flow 
through the shunt. The pulmonary blood flow was either decreased or 
unchanged in all four experiments; The systemic blood flow was in- 
creased in two animals and decreased in the other two. In dog No. 294 
the increased systemic blood flow might have been due in part to the 
transient anemia. However, the cardiac output became still greater 
as the anemia subsided. The changes in s.ystemic blood flow were not 
caused by changes in the metabolic rate, inasmuch as the oxygen con- 
sumptions remained essentiallj’- unaltered. Hi'pertrophie osteoarthrop- 
athy was found by roentgenologic examination (Fig. 2) in one of the 
two dogs witli increased systemic blood flow. In none of the other 
animals were such bone changes found. 



Fig. 2._Eoent,eno^am of raCius and ulna of dog No 294 .ho • 

Lferation (arrowf. Periosteal pro 

Isolatcrl nh j - _ 


V 

Isolated observations not recordpfl n, t n t 
animals. Pulse rates and respirator - on severf 

In several dogs, tlie heart >>°t wry signifleanti; 

— -ore .d a«er 



148 


AMERICAN HEART JOURNAL 


operation. Closing the anastomosis slowed the heart and increased the 
blood pressure, whereas releasing the compression caused oppasitc 
changes. This effect, however, was slight, probably because of the sup- 
pression of reflexes by the anesthetic and by operative shock. A soft 
systolic murmur could be heard in some animals. It must he remem- 
bered that the pressure in the pulmonary artery is low, and that tlic 
intensitj" of a murmur would therefore be less than that of a murmur 
coming from the systemic circulation. Cyanosis of the tongue was ol)- 
served in all the successful experiments; the degree was proportional 
to the size of the shunt. Increased intensity of the cyanosis after ex- 
ercise or excitement was observed freciuently, and was probably caused 
by increased pressure in the pulmonary artery, with consequent increase 
in the percentage shunt, and also by increased o.xygen “unsaturation” 
of the mixed venous blood. In one animal the patency of the anastomosis 
was demonstrated ante mortem by the injection of diodrast. 



Two of the dogs died of fulminating P"”'™™’-'-,;™;';’ ' 
months, respeetively, after operation. One / 

embolus, four months after operation. ;pi,„ ,,,maining 

bus extending from the anastomosis into 
do- was saerificed eight months after operation. In all 
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the anastomoses were found to be patent and tbeir cross-section areas 
were proportional to the calculated percentage shunts. The largest 
fistula was found in the dog with the 4< per* cent shunt. It admitted 
a lead pencil with ease. In two of the animals there was no thrombus at 
the site of the fistula. In the other turn there were thrombi extending 
from the edge of the anastomosis into the auricle, and, in one of these, 
an additional thrombus extended from the anastomosis into the left 
pulmonary artery. In dog No. 294 the presence of hypertrophic osteo- 
arthropathy was confirmed at autopsy (Figs. 3 and 4). No bone changes 
were found in the other dogs. Fig, 5 shows the opened main and left 
pulmonary artery, the orifice of the right pulmonary artery, and the 
patent anastomosis of dog No. 262. 





It is apparent from these experiments tl-.n+ n ■ - 1.1 

permanent SsWa behveen the pnlmonary artery S tie 
m dogs. Such a fistnin a 1 '. the left auricle 
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the circuit in which the pressure is lower at tlie site of the sliunt, at the 
expense of the circuit in which the pressure is higher. IVith an arterio- 
venous fistula, for example, and also when the ductus arteriosus is 
patent, the lesser circulation not only carries all the venous return from 
the greater circuit, hut also carries oxygenated blood shunted in from tlie 
systemic arteries. The total Mood flow through the lungs is therefore 
greater than the total systemic blood flow. Conversely, in the cyanotic 
tjT^e of congenital heart disease and in our experiments, the direction 
of flow through the shunt is from the lesser to the greater circulation. 
The total systemic blood flow, therefore, exceeds the total pulmonary 
blood flow the amount of blood shunted. 



Fie. 5.— Heart of doe Xo. 262, shoxyme opened rleht ^-cntr^ 
artery. RP, Rieht pulnionarj' arterj' orillcc: LP, left pulmonai> arierj vuj 
A, pulmonary artery orifice of anastomosis. 


In addition to tliis relative increase in systemic Iflood flow, an ahsohile 
increase was also found in the two animals in wliicli there wore no 
obstructing thrombi. This increase in left ventricular output, a.s vo 
as the increase in ceU volume or total blood volume, is probably a mec i- 
anism which compensates for the chronic systemic artenal anoxemia^ 
Because of such compensating mechanisms, the dehveiy of o.\.^,, 
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the tissues, in tlie resting stale, at least, is normal iloslhlc 

and the oxygen consumption remains unchanged. dh cxoicisc, Ihes 

compensating mechanisms may break doini, udlii ensuing tissue anoxia. 

Hypertrophic osteoarthropatliy lias been knonn to occui in an^ 
imals usually in the wake oi‘ }niImonary tulierculosis or ])ulmoimry 
neoplasm, spontaneous or experimental. Attempts to reproduce these 
bone lesions in the experimental animal have been nnilormly unsucccss- 
In our experiments, although the anastomosis between tiio pu - 
monary artery and the left auricle was made sucecs-sfully in four dogs, 
only one of these developed hypertrophic osteoarthropathy. It may be 
of importance that only in this dog was there an absolute increase in 
systemic cardiac output, together with a survival period long enough 
for bone changes to develop. The cause of the bone prolii oration was 
not anoxia, for, despite the arterial anoxemia, the transport of oxygen 
to the tissues was normal because of the increased blood flow, and the 
oxygen consumption remained unchanged. It is ])o.s.sib]c, however, tliat 
the ehronicallj^ excessive systemic blood flow increased ]icrio.sieal nutri- 
tion and thus stimulated Imne proliferation. Since hypertrophic o.stco- 
arthvopathy occurs in human congenital heart disease ivilli eyaiiosi.s, 
it is possible that a similar meelianism i.s' responsible for tlie devolojunout 
of the bone changes. 

smniARY 

1. A procedure for anastomosis of the pulmonary arleiy lo the left 
auricle in dogs is deserilied. 

2. In the successful expcrimenls, this procedure reproduced the 
circulatory derangements found in the c.vanolie type of congenital heart 
disease. 

3. In one experiment, hypertrojfliic oslcoarlliropatliy developed, and 
was apparently attributable to increased systemic blood flow. 

Tlie authors tafe this opportunity to tliank Dr. E. Libirian, Dr. G. Daehr Dr G 
SpfufSes^tSns ■ for valuable criticism, and Dr. S. Siegu! fo^ 
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THE CARDIOVASCULAR EFFECTS OP PARBDRINE 

M. H. NATHAi^soi^, M.D., H. Ekgelbebg, M.D., and J. Hersh, It'D. 

Los Angeles, Calif. 

P ARBDRINE is the name which has been given to llic new epincjih- 
rinelike compound, parahydroxyphcnylisopropyiaininc. This sub- 
stance stands between epinephrine and cphcdrine in eiiemical structure, 
and, judging from its chemical composition, should possess a more in- 
tense sympathomimetic action than epbedrine. The action of this com- 
pound in the prevention of cardiac standstill has already been dcsciibed 
by one of us (M. H. N.).^ The purpose of the present communication 
is to I’eport observations on both tlic cardiac and pressor actions of the 
substance, and to discuss therapeutic applications. 

C/VRDIAC ACTION 

Although epinephrine and related compounds affect variou.s prop- 
erties of the heart, we have been chiefly concerned with the action of 
these drugs on cardiac standstill for the following reasons: (1) The 
chief therapeutic indication for the sympathomimetic amines in licart 
disease is in the prevention and treatment of cardiac standstill, and 
(2) the effectiveness of drugs on cardiac standstill can be studied in man 
by an accurate and well-controlled method, previously described.- This 
method utilizes persons who have a sensitive carotid sinus, so that pro- 
longed cardiac arrest can be consistently and repeatedly produced by 
pressure on the carotid sinus. In these cases, apparently because of 
overaetivity of the vagus nerve, carotid sinus pressure eliminates the 
activity of the siniis node. The cardiac standstill is caused by tempo- 
rary inactivity of the sinus node and by failure of development of sec- 
ondary centers of impulse initiation. The indication that a drug is ef- 
fective in the prevention of cardiac standstill i.s the abolition of the 
cardiac arrest either by the restoration of the activity of the sinus node 
or by the development of a new impulse initiating focus. The technique 
of the experiments is simple. An electrocardiogram is made during the 
period of cardiac arrest produced by carotid sinus pressure. The ding 
to be tested is then administered, and the carotid sinus pressure is re- 
peated after suitable intervals. In a previous report'* it was shown that 
a group of unrelated drugs, including barium chloride, calcium glu- 
digitalis, caffeine, coramine, metrazol, and thyroxine, had no 
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mfluenee on the induced cardiac .standstill. It was then domonst rated 
that the only effective compounds were epinephrine and chemically re- 
lated substances.^ It was possible to ascertain the relative activities of 
various sjunpathomimetic amines by this method. In most instances the 
cardiac standstill was abolished by the development of a new pace- 
maker, usually in the ventricles. The reaction to varying doses of 
epinephrine was first ascertained, and it was found that the rate of im- 
pulse formation in the new pacemaker was proportional to the dose of 
the di'ug. The action of other sympathomimetic amines was then com- 
pared with that of epinephrine, and a ratio of activity was established. 
For example, the intravenous injection of 2 mg. of neosynephrine re- 
produced the effect of mg. of epinephrine, giving a ratio of activity 
of neosj^nephrine to epinephrine of 1 to 100. A numher of sym- 
pathomimetic amines were studied by this method, and the comparative 
activity on cardiac standstill of the more important is given in Table I. 


Table 1 


DRUG 

AITRO.XIMATE RATIO OF 
ACTIVITY TO EPINEPHRIXE 

Cobefrine 

1:10 

Epinine 

1:40 

Adrenalone 

1:40 

Neosyneplirin 

1:100 

Syneplirin 

1:400 

Tvramine 

1:1,200 

Ephedrine 

1:1,500 


It was found that ephedrine was the only compound whicli was ef- 
fective on induced cardiac standstill when given orally. Howcvei’, large 
doses were necessary, and frequently the standstill was prevented only 
by amounts of the drug which produced unpleasant side effects. The 
observations of Alles“ and AUes and Prinzmetal® indicated that parcdrinc 
was a stable sympathomimetic amine with greater activity than 
ephedrine. The effect of this drug has now been studied in sixteen eases 
in which cardiac standstill could be induced by pressure on the carotid 
sinus. The effective dose of the drug was 60 mg. in fourteen eases and 
40 mg. in four, and in each instance the induced cardiac standstill was 
modified. The mechanism of the abolition of the standstill varied. In 
nine instances the standstill was abolished by the development of a 
rhjdhm which arose in or Jicar the auriculoventricular node; in tluce, 
lower venti’icular foci became active; in three instances the acti\itj oi 
the sinus node was restored; and in one case the rhythm consisted of 
sinus beats alternating with beats which arose from an ectopic \ cut i leu 
lar focus. In five cases the activity of parcdrinc and ephedrme was 
compared, and parcdrinc was found to be between two and three 
as elfeetive as ephedrine. Four patients with .spontaneous attacks o 
dizziness or sjmeope, associated with sensitivity of the caiotic sinus, 
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have now been observed for periods of one year or more, and the altacks 
have been reduced in frequency, or eliminated, l)y doses varying from 
40 mg. to 60 mg. three times a day (Fig. 1). The effect of the drug 
was also studied in six cases of lieart block. In two of four (^a'se.s of 
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with chronic heart block have been followed for two rears 4It]ioirrh 
they may be free of syncopal attacks for varying periods without thcu 
these patients find it necessary to resume the nse of the driw 
periodically to prevent the recurrence of attacks. 


An additional advantage of paredrine over ephcdrine is tlie absoticc 
of any reactions caused by central nervous stimulation, such as nervous- 
ness, tremor, apprehension, or insomnia. 


PRESSOR ACTION 

Observations on the pressor action of paredrine are relatively meager. 
AUes® found that paredrine has a more intense pressor action than 
phenylisopropjdamine (benzedrine). Abbott and Henry" reported that 
paredrine is about twice as effective as epliedrine in raising blood pres- 
sure in man. Altschule and Iglauer^ concluded that paredrine was a 
more potent pressor drug than benzedrine, and found the compound of 
value as an adjunct in the treatment of the vasomotor collapse of hem- 
orrhage, pulmonary embolism, and surgical shock. 

In the present study, observations were made on fourteen subjects 
from the hospital wards. The measurements were made under ba.sal 
conditions, in the postabsorptivc state, with the subject in Die i-ceumbent 
position. Repeated observations were made under similar conditions. 
After, several control blood pressure readings and pulse rate determina- 
tions, paredrine hydrobromidc was administered. After a subcutaneous 
dose, usually of 20 mg., subsequent blood pressure readings Avere made 
at five, fifteen, thirty, forty-five, and sixty minutes. After an oral dose, 
readings were taken after fifteen, thirty, sixty, and ninety minutes. 
Fourteen subjects received the drug subcutaneously in 20 mg. doses. 
In nine instances, the compound was given by mouth in 40 mg. doses and 
in four cases in SO mg. doses. Table II shows the average rise in ar- 
terial pressure, the maximum effect, and the duration of action. 


Table II 

The BE.SPONSE of the Blood Pressure to A^arying Doses of Paredrin'e 

IN Normal Subjects 


1 

POSE 

average RtSF. 

systolic and 

RIASTOLXC 
(JIM. HG) 

MAXIMUM RISE 
SYSTOLIC AND 
DIASTOLIC 
(MM. HG) 

DURATION 

(MIN.) 

20 mg. subcutaneously 
(14 cases) 

40 mg. by mouth (9 cases) 
80 mg. by mouth (3 cases) 

51/16 

1 

1 52/17 

69/24 

73/30 

106/42 

82/33 

40- To 

t 60-120 

120 


In eveiy case a sustained pi'cssor effect "was obtained. Aftei oial 
administration this effect Avas noted within fifteen minutes in most m 
stances, and the maximum effect occurred in thirty to sixty mnuUes. 
The duration of the pressor action after a dose of 40 mg. was sixty o 
ninety minutes, and, with the SO mg. dose, one and one-ha f to tuo 
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hom-s Atter 0.e si.bcutn..eoas tajcction ol 20 mg. tbo o,.sel ot artm . 
r vitirL to ten minntes. and the maxin™,.. cfrcct oeenned t s 
X Xthin Mteen to thirty minntes. The Mood presnro » 

noimal in most cases svithin an hour. The diaslolic jncssuie n, 
siightlv afloeted, as eompared tvith the systolic lircasnrc, hut in no ease 
was a lowering of diastolic pressure observed. Tlicre was also a niaiKcd 
variation in the intensity of the effect in different persons. 


COMPARISON OP EFFECTS OF ORAL AND SUBCUTANEOUS ADMINISTRATION 

One of the features Avhich limits the usefulness of epinephrine is it.s 
instability and inactivity on oral administration. This ajiplics to most, 
of the sympathomimetic amines. In fact, the introduction of cphedrinc 
was a great advance largely because it permitted the oral u.sc^ of a 
sympathomimetic amine. In previous studies on cardiac standstill by 
one of us (M. H. N.), it Avas found that other hydroxyamines, such as 
tju-amine, hordenine, synephrin, and nco.synephrin, were ineffective on 
oral administration.-* In the present study it was found that paredrinc 
retained a surprising degree of activity when administered by month. 
The following illustrates the comparative cffec1ivenc.ss by oral and 
subcutaneous administration : 


Table III 

Aa-erace Bloob Pressure Pise 

ORAL, 40 MG. (9 CASES) SUBCUT.syEOUS, 20 MO. (34 CASES) 

Systolic 52 nim. Systolic 51 7nm. 

Diastolic 17 mm. Diaptolic l(i mm. 


These obserAutions indicate a complete or practically coinjdete ab- 
sorption and utilization of paredrine Avhen it is administered by rnoutb. 
In one of the nine subjects to Avhom the drug Avas given by botli routes, 
a relatively slight pressor effect Avas noted on oral administration as 
compared Avith the reaction after subcutaneous injection. Tliis bad been 
observed previously in tlie studies on cardiac .standstill. In one case 
of heart block, 100 mg. by month failed to influence the ventricular 
rate or raise the arterial pressure. There is apiiarently an ocea.sional 
ease in Avhich the drug is destroyed in the ga.stro intestinal tract, or 
there is incomplete absorption. A similar Aurialion in activity has been 
observed after the oral administration of epliedrine.® It i.s important to 
recognize this variation in aetiA’ity foi', in some instances, an effect may 
be obtained by increasing the average oral dose of 40 mg. ; occasionalh' 
the relative inactivity on oral administration makes the dnm unsuit- 
able for use by this route. 


COMPARISON OP PAREDRINE AND PAREDRINOL (vERITOL) 


Paredrinol, the N-methyl derivative of paredrine, has 
great deal of attention in the German literature under 


received a 
the name 
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A eritol. ^0 A number of publications have appeared on tlie human 
and animal pharmacology of the drug, and it is claimed that this com- 
pound IS a superior remedy in tlie treatment of circulatorv collapse 
of various types. It is reported that the pressor action is mainlv due 
to the emptying of venous stores of blood, and it has been suggested 
that the drug differs from other sjnnpathomimetic amines which produce 
an increase in arterial pressure mainly by peripheral vasoconstriction. 
There is some difference of opinion as to the mode of action, and some 
question whether this compound differs fundamentally from certain 
other substances of this group.^^ In this country. Stead and Kunkel*- 
concluded that the pressor action of paredrinol was due to one or both 
of the following mechanisms : (1) a direct vasoconstrictor effect on small 
blood vessels, and (2) a primary increase in venous tone, causing an 
inez’eased venous return to the heart and a secondary rise in arterial 
pressure. In a recent study, paredrine and paredrinol were administered 
to a group of fifteen normal subjects subcutaneously and by mouth.’'' 
In everj’- instance paredrine pi'odueed a much greater pressor effect. 
Also, by either route of administration, the duration of the effect was 
definitely longer after giving paredrine (Table IV). 


Table IV 

Maximum Rise in Blood Pressure (in mm. of Hg) After Equivalent Doses of 
Paredrine and Paredrinol in Fnn Normal Subjects 




1 SUBCUTANEOUSLY, 20 MG. 

ORALLY 

, 40 MO. 

SYSTOLIC 

DIASTOLIC 

SYSTOLIC 

DIASTOLIC 

1 

Paredrine 

18 

3 

32 

12 


Paredrinol 

9 

2 

14 

8 

2 

Paredrine 

36' 

C 

of 

12 


Paredrinol 

22 

2 

58 

6 

3 

Paredrine 

54 

8 

90 

19 


Paredrinol 

20 

1 

14 

0 

4 

Paredrine 

52 

22 

46 

14 


1 Paredrinol 

\ 22 

G 

46 

0 

5 

Paredrine 



96 

17 


Paredrinol 



66 

24 


EFFECT OF PAREDRINE ON BLOOD VOLUJIE 

Recently, observations have been carried out on the effect of paredrine 
on blood volume.’- It has been claimed that continuous administration 
of epinephrine causes a reduction in blood volume and a condition 
resembling shock.’" Since paredi’ine has a prolonged sympathomimetic 
action, it seemed important to ascertain the effect of the drug on blood 
concentration and blood volume. The specific gravity of the blood va-s 
ascei’tained in six normal subjects by the Barbour and Hamilton falling 
di-op method’® before the administration of the drug and at. the height 
of the pressor effect. In no instance was any significant alteration in 
the specific gravity observed. In three eases the “Evans Blue” dye 
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method Avas xised in the estimation of blood volume after 

described by Gibson and Evans - The dye n ec "vo 

was estimated with a photoelectric cell colorimeter. In cach nist.incc 1a\ 
control readings of dye concentration were made during the liall ho 
preceding the administration of the drug. Readings were again made 
ten minutes after administering paredrinc, at the hciglit, and also at t ic 
end of the pressor etfect. There was no significant deviation in the 
blood volume or any significant change in liematoerit readings after the 
administration of the drug. 

PRESSOR EFFECT IK SPINAL ANESTHESIA 

Various pi'cssor substances liave been used to counteract or pic\cnt 
the fall in blood pressure which frequently accompanies s]>iiial anes- 
thesia. Epinephrine, cphcdrinc, neosynephriii, and benzedrine have 
been used for this purpose. Altsehule and Gilman’® employed paredrine 
in fifty patients who developed a rapid and marked fall in blood pres- 
sure during spinal anesthesia. In every case the admini.sl ration of 
paredrine was followed by a return of the blood jirossure to a satisfac- 
tory level. In the present study,® observations ivoro made on 114 pa- 
tients who received spinal anesthesia. The drug was administered intra- 
muscularly preliminary to the spinal tap, so that an interval of three 
to five minutes elapsed beUveen the time the paredrine was given and 
the actual subdural injection of the anesthetic. Procaine hydrochloride 
was the anesthetic used in most cases. In eighteen, the operations were 
on the upper abdomen, and, in ninety-six, the surgical procedure was on 
the lower abdomen, prostate, rectum, or lower extremities. h'’ifty per 
cent of the patients were over 50 years of age. In ninety -five patients, oi‘ 
83 per cent, the response could be described as satisfactory, in that a 
single pre-anesthetic injection of paredrinc maintained a satisfactory 
blood pressure level throughout the operation. Of these, twenty-one re- 
ceived 10 mg., seventeen received 15 mg., and the remaining fifty-seven 
received 20 mg. of the drug. In eleven patients, or 10 per cent,'tlic re- 
sponse could be considered as excessive, for a single pre-anesthetic in- 
jection elevated the blood pressure 50 mm. or more above the ])re-unes- 
thesia level. Two of these patients complained of severe headache Two 
patients in this group received 10 mg. of the drug, and the remainiin- 
mne received 20 mg. In eight patients, or 7 per cent, a definite fall in 
blood pressure occurred during the operation. A second inicction of 
paredrme promptly raised the blood pressure to a satisfaeiorv level 

(t2i?vT’ liio operation 

satisiactory. a dose of 10 to 15 mg. of paredrine for low onerations 
mg. for operations on the npper abdomen. In an ndditionai 

Her,,.. 
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2o0 eases a satisfactory blood pressure level ^vas maintained, and a sec 
ond injection of paredrine was not necessary in anv case. As conipaml 
rntli ephedrine, which had been n.sed previoiislv, it was found tint n 
more satisfactory blood pre.ssure level could he maintained more con* 
sistently, and that there were definitely fewer hypotensive reactions In 
addition, paredrine proved much more efficient in restoring the liloocl 
pressure when it fell to a critically low level duriufi .spinal anesthesia 


Table V 


The Pressor Actiok of Paredrixe ix Eight Patiests Who Showed a Defi.vitf 
Fall in* Blood Pressure Durixo Srixal Ane.stiiesia 


operation 

BLOOD 
PRESSURE 
BEFORE : 

anesthesia 

PAREDRINE 

JIG. 

PRE-.SPI.NALi 

(MG.) 

BLOOD PRES- 
SURE CHANGE 
DURI.VG 1 

ANESTHESIA 

PAREDRINE 
JIG. DURING 
A.NESTIIESIA j 
(MO.) 

RLOOD 

pressure 

AFTER 

PAREDRINE 

Colostomj- 

lCO/110 

20 

190/120-S0/()0 

30 ; 

120/80 

Gastrectomy 

110/82 1 

20 

140/ 90-80/40 

30 

100/70 

Eesection of colon 

150/100 

15 1 

350/100-80/50 

20 

120 /so 

Transurethral 

130/70 

15 

320/ C0-S4/C0 

10 

120/84 

resection 


1 



Cystotomy 

158/112 

20 

120/ 90-80/70 

20 

150/100 

Abdominal 

145/84 

10 

100/ 80-80/00 

20 

140/80 

1 

prostatectomy 





Emergency 

50/40 

20 

120/ 80-50/40 

10 

1 100/80 

cystotomy 


i 



i 

Laparotomy for 

lGO/110 

! 15 

150/100-00/40 

20 

140/80 

bowel obstruc- 
tion 

1 

1 






HE.VRT RATE 


Fourteen subjects received a subcutaneous injection of 20 mj?. ; the 
heart rate was increased in five (average, 11 beats per minute) and 
decreased in seven (average, 7 beats per minute). In two cases the 
rate was unchanged. Nine subjects received 40 mg. by mouth; there 
was an increase in tlie heart rate in three (average, 9 beats ])er minute) 
and in three there was no change. Four subjects received SO mg. by 
mouth; the rate was decreased in three (average, 5 beats a minute) and 
unchanged in the other. It is usually stated that administration of the 
sympathomimetic amines is followed by a slowing of the heart rate, and 
that this relative bradycardia results from reflexes arising in tlie aorla 


and carotid sinus caused by the elevated blood pressure. Howcaci, 
Blumgart^'’ found an average increase of 16 beats a minute in eight of 
ten subjects after a subcutaneous injection of 0.5 c.c. of a 1 :1,000 .solu- 
tion of epinephrine. Starr and his associates*'’ noted, in six subjects 
who Avere carefully observed, a 21 per cent increase in pulse rate after 
the administration of 0.7 e.e. of a 1:1,000 solution of cjiinephrinc and 
a 9.7 per cent increase in rate after ephedrine. Altschulc and Tglauer" 
observed a decrease in pulse rate after paredrine in tln-ee subjects and 
no change in Iavo. Epinephrine increased the heart, rate m the Iaa'o 
cases Avhich Avere studied. Keys and Violante-' observed, after the ad- 
ministration of neosAUiephrin, a definite bradycardia Avlnch lasted thirty 



KATITAKSOK KT Ah.: 


OAUniOVASCUl.AU I'A'l'l'.rTS OV I'AUr.llltlNl. 


1(11 


to ninety minutes, u-itli pulse r.-itcs varyni”: ivom ^0 (<» j'' ’ ^ 

Thcv conehulccl that the dvu- pvocluee^s a piMinary In-adyeaulm t 

relatively indci>cn(le.U of pressor reflexes over il.e va^nis n.'rve. 1 l.ese 
observations inilieate Ibat tbo sympalhoinimetie amines may lime a 
variable effect on tbc heart rate. It would aipiear tiiat pavedr.ne stands 
between cpinephriuv. and neosynepbrin ; it causes less cardiac acce era- 
tion than the former, and less iuhihitiou than the latter. 

niscrssioN 

Since the isolation of epinephrine, in IflOl. .several liundreil chemically 
related compounds liave been .synthesized and studied. However, onl.\ 
tAVo substances, eiAliineiihrinc and ephedrine, liave lu>cn widely used in 
therapoutics. Before the use of a new drui^ is siuiticstcd, it must be <lcin- 
onstrated that the druir has some advanlaue-s- ovm- the oldtu' componnd.s. 
Parcdrinc has a more sustained action than epinephrine, and its e.sjiecial 
advantage is that it can be administered Ity moutli. As eonipared willi 
ephedrine, parcdrinc is definitely more jiotent and is tree ot the tin- 
plcasant side actions Avbieb result from eerebral stiimdation. As regards 
the effect on cardiac standstill, our observations indicate that all three 
compounds act in a similar manner; they liave. tlie jmijterly of inereasiinr 
(he activity of lower rhythmic eentens, thus ]»reventimr cardiac arrest. 
The therapeutic indication is in conditions in which cardiac asystole 
may occur. In cases of heart hlock in which syncopal at tacks arc fre- 
quent, ephinephrinc is the druti of choice. In tlmsc instanec.s in which 
attacks arc infroquenl, a dnUrT which is effective on oral administration 
is de.siral)le. Parcdrinc in dn.ses of -10 to (JO mir. three limes a day will 
usually increa.se ventricular rliythinieity. .so that the tendency to .stand- 
still is lessened. The same tlicrapy is indicated in patients who have 
syncopal attacks a.ssoeiated with .a hypersensitive c.ai'otid .sinus'. 

As regards the pre.ssor action of ejiinejilirine and pareclrine, tiierc 
is evidence that there are differeneiw in their mode of aelion, i.i*., tlien* 
is not only a quantitatiAx* but also a qualitative differenee in tlndr cf- 
fecl.s. Altscbule and Jglauer'* jouiid llial the pi'c,s.sor action of ]iurcdrinc 
A\as not associated AA’itli any jncmi.se in cardiac output, whereas there 
Avas a striking increase in cardiac outi»ut after epinephrine. Thesi' ot»- 
.seiwens also noted a marked increase in the veloeily of hioo'd flow .aft ei- 
epinephrine, but (his did not oeenr after ])aredvine. ICpinephriiie 
usually loAver.s the diastolic ]ire.s.sure, whereas paredi-ine raises it After 
die prc.s.sor response to ejiincpbrinc (here is usually a hyiiotensivo phase 
This diphasic effect has not been ob.serA-cd with iiaredrine. Epinephrine 
constricts tlm minute vessels of the .skin. Our observations indi^!;! 
parcdrinc dilates the .small ve.s.se}.s of the skin. After an intrndernml 
mjectioii ot paredrino we have noted n flushing of (he .skin, willi an iii- 

of intend pd or a zone 

intense pallor. A\e have observed this differenee Avlien the drinks 
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are given subcutaneously. A flush of the skin, especially of the face 
IS noted often after the administration of paredrine, in ‘contrast vith 
the pallor observed after epinephrine. 

It has been claimed that prolonged administration of epinephrine 
can reduce blood volume. No change in blood volume or specific gravity 
has been observed during the pressor action of paredrine. 

These differences in mode of action are important in the application of 
pressor substances to therapy. In spite of the powerful action of 
epinephrine, its piessor action has found little practical application in 
therapeutics. In the most important hypotensive state, that of periph- 
eral circulatory collapse, it is usually stated that epinephrine and related 
compounds are of no benefit and may be harmful. However, there is 
some difference of opinion on this point. Best and Solandt=- found 
that histamine shock, traumatic shock with hemorrhage, and traumatic 
shock respond favorablj’’ to treatment with a pressor substance and con- 
centrated serum. Kabat and Freedman*^ reported expei’iments in which 
the slow administration of epinephrine maintained the blood pressure 
during and after intestinal manipulation, and observed an increase of 
300 per cent in the survival rate. Favorable results have been re- 
ported in shock by the administration of ephedrine, neosynephrin, and 
paredrinol. Kunkel, et al.,®^ noted that paredrinol had a beneficial 
effect in the collapse which ma.y be induced by sodium nitrite. We have 
observed symptomatic relief in orthostatic hypotension with a combina- 
tion of benzedrine and paredrine. This has also been noted by Korns 
and RandaU.^® Stead and Ebert-® found paredrinol useful in the treat- 
ment of circulatory collapse I’esulting from hemorrliage. It must be 
concluded that the exact status of the pressor substances in shock is ]iot 
entirelj' settled. In surgical or traumatic shock these drugs should be 
considered only as ad.junets in treatment, but there is evidence that they 
may be of benefit in association with other measures. It should be 
pointed out that the differezices in the action of epinephrine and pare- 
drine would favor the latter drug in the treatment of shock. The more 
sustained effect of paredrine, the nonparticipation of the heart in liie 
pressor action, the absence of any change in blood volume, and the 
dilating effect on the minute vessels of the .skin ai’e features which make 
this drug more applicable. In addition to the effects during spiinil 
anesthesia, we have observed a definite and sustained rise in blood pies- 
sure, with clinical improvement, in circulatory collapse associated with 
a variety of conditions. Altschule and Iglauer^ found that, nutli 
paredrine, they could restore the blood pressure to normal in Addison’s 
disease and in shock caused by coronary thrombosis. They state also 
that the drug is a useful adjunct in collapse a.ssociated with hemorrhage, 
pulmonary embolism, and surgical shock. Although these obsei\<'itions 
are encouraging, the exact value of paredrine in shock must await the 
study of a large group of patients in shock, with observations on ic 
circulatory dymamies before and after the administration of the drug. 
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CONCLUSIONS 

Paredriiie is a potent cpinephrine-likc compound Avhich has a pro- 
longed action and is effective on oral administration. 

Paredriiie is the most effective orally active compound in p • 
vention and treatment of cardiac standstill. 

Paredrine produces a definite and sustained rise in arterial prcs.surc. 
The evidence available indicates certain differences in the mechanibin 
of the pressor action of paredriiie and epinephrine. 

Paredrine is effective in the maintenance of satisfactory iilood pressure 

levels during spinal anesthesia. 

Although more data arc essential, the drug appear.s to be of value 
in certain types of shock. 
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DISCUSSION 

Dr. j. AIurray Steele, New York, N. Y . — I became interested in pared rine bv 
the back door, so to speak, during a study of carotid sinus sensitivity. In the 
literature, and again today, tlie fact that there is no obvious centnal action of Ihi.s 
drug wa.s referred to. In attempting to sort out the varieties of carotid sinus 
sensitivitj’, that which is supposed to be cerebral in origin is quite regularly stopped 
— the convulsions are stopped — by the administration of paredrino, altliougli they 
are not stopped by atropine. 

I would like to ask Dr. Natlianson on what grounds evidence rests to the effect 
tliat there is no central action of this drug. 

Dr. S. P. Schwartz, New York, N. Y. — I should like to ask Dr. Natlianson what 
effects the sympathomimetic drugs have upon the carotid sinus it.Kclf. 

Secondly, I wonder if Dr. Natlianson could tell us how epinephrine hj’drochloride 
is absorbed after its parenteral administration during standstill of tlie ventriclc.s. 


Dr. YbiLLACE AI. Yater, AVasbington, D. C. — ^AVill Dr. Natlianson tell u.s whether 
maintenance of administration can be carried on and what the maintonanec dose 
might be in the average case? 


Dr. Irving S. AA'right, New York, N. Y. — Dr. Natlianson .said that apparently 
in some instances the drug is not utilizable by mouth, whereas in other instances 
it is. I should like to a.sk him whether any studies have been made as to wlictlier 
the drug is better utilized in an acid or alkaline medium, and, if so, whether he hn.s 
found any comparison between in vitro and in vivo studies in tliat regard. 


Dr. Carl A. Johnson, Chicago. — These drug.s, known as sympathomimetic drugs, 
maj' have botli sympathetic and parasympathetic actions. Thi.s i.s c.spccially true of 
neo.synephrin HCl, for if 10 mg. are given subcutaneously to the iinancsthctized 
human subject, a marked slowing of the heart rate re.«ulfs, which prohahh^ i.s <i 
parasympathetic effect, and there is an increased peripheral vascular con.strietion 
from the sympathetic effect. Although these drugs are .similar in chemical .structure, 
their actions differ qualitatively and quantitatii’cly. 


I would like to ask Dr. Natlianson about the site of action of paredrinc, ju.st as 
the previous discussers hai’C. Both cpbedrinc and epinephrine increiise tlie irrit.ihilit,' 
of the heart, and death from toxic doses is caused by yentricuhir hbnilatioii. 
Neosj-nephrin HCl, however, does not incrca.so the irritability of the heart, uiu 
animals which die from toxic dose.s do not have ventricular fibrillation. In view 
of these differences in the action of the.se drugs on the heart, I would like to kimn 
whether paredrine increases the irritability of tlio heart, and also what tlie cause oi 
death is when animals receive lethal doses. 

Ac far as neosynephrin HCl is concerned, I take e.xception to the .ct.itement tl 
this drug is not active when given by mouth. If large enough doses arc given hi 
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effect tWs is often in tlm toxm range (200 to 400 "’K-)’ J 

tliis effect varies from patient to patient, and oNcn m ti- 1 

use of this drug, therefore, is not practical. 

DR. Normax E. Freemax, Philadeiphia.~We have used paredrine hydrol.roniido 
in studies on tl.e circulation in traumatic shock, and, in eontradistniclmn 
the pressor effects seem to be greater than the peripheral arterial constrictor eff( . 
That may be one of the reasons why the administration of paredrine doe.s not 
cause hemoconeentration and other evidences of redneed blood volume. 

Kunkel, Stead, and AVeiss, in their studies on jiaredrine, arrived at the eondii.-ioii 
that its effect was chiefly to produce consfrietion of the larger blood vessels, espe- 
cially on the venous side, which would tend to mobnir.o the available blood volume. 
Experience in the treatment of low blood pres.Mirc from spinal anesthesia, and the 
low blood pressure wliich is associated witli sudden interrujition of vasoconstrictor 
impulses during the course of tlioracolumbar sympathectomy would bear out tho.'-o 
ideas. 

I would like again to ask Dr. Jsathanson what be tbinks about its action on tlie 
various components of the va.«eular .system, not only the heart, but also tlie great 
vessels. 


Dr. Morrrs H. Nathax.so.v. — I am glad to have these (|iiestimis, for several of 
them were taken up in tlie portion of the paper tliat I did not have time to read. 

In answer to the question wliether paredrine po.ssc.“ses a central stimulating action, 
resembling that of benzedrine or ephedrine, I can delinitely say tliat tlie drug Iia.s no 
such action in therapeutic doses. I have seen no such effect in any case; also, 
recently, it has been reported from Taintcr’s laboratory tliat the threshold dose for 
the central stimulating action in animals for benzedrine is O.t! mg. per kilogram; 
for ephedrine, 5 mg. per kilogram; and for paredrine, SO mg. per kilogram. 

In answer to the question as to how the drug ean be absorbed during cardiac 
standstill, the drug was not nclniini.«tered during tlie standstill. The procedure was 
to make a record sliowing the cardiac arrest. Tlie drug to he tested was then 
administered, and, after suitai>Ie intervals, the carotid sinus ]>ressurc was repeated 
to ascertain whether the cardiac standstill could still lie induced. 

As to the question whctiier tlie iircsence or ab.sence of gastric acidity may ex- 
plain the variation in activity nhon it is given by mouth, 1 iiave no definite’ data 
on this point. I .suspect that this is not tlie explanation. On tlie wliole, the drug 
is well utilized wlien administered by mouth, but tliero is the oeeasioiial jieisoii who 
shows little effect after oral admiiiislralion. 


Dr. Johnson brought up several intcre.stiiig points. As regards the para.svm- 
pathetic effects of these compounds, the brad.vcardia caused by neosvneplirin iimv 
be considered as such an eff'cet, although I do not believe ’that, this has been 
efimtely demonstrated. Our studies on the effect on the liearl rate would place 
paredrine between epinephrine and neo.synephrin; tlie drug has less of n cardiac 
accelerating action than epinepivrine, and also produces le.s.s cardiac inhibition tlmn 

paredrine on tlie lioart and blood ve.s.'^els 1 
can see no evidence of any parasynipatlietie action. ' 

I do uot feel Dmt tlie final an.swer on the moelianism of the pressor action e-in 
cardiac standstill. The difference is onK- n « t-i ^ ^ pi'oveiition of 

.... ::irr,r ,;;r; 
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vessels, there is not onlj’ a quantitative difference, but also a qualitative diffcrenco, 
especially between epinephrine and certain other substances of this group. For 
example, epinephrine, in its pressor action, increases cardiac output, accelerates blood 
flow, and produces pallor of the shin by constricting the small vessels. Paredrine 
apparently does not increase cardiac output or cause acceleration of blood flow. The 
effect on the blood vessels of the skin is entirely different. An intradernml injec- 
tion of epinephrine produces pallor, with reduction of temperature, whereas a similar 
injection of paredrine causes redness and warmth around the site of injection. It is 
these and other differences which suggest that the objections to the use of epinephrine 
in. shock may not apply to other sympathomimetic amines. 



ISOLATED MYOCARDITIS 

Otto Saphiu, M.D. 

Chicago, Igl. 

M yocarditis, in general, is a rarely observed cluneal cntily 
which, as White^ stated, can be diagnosed by the realization o 
myocardial involvement in infectious diseases, or, in a few cases, cir- 
enmstantially by the discovery of acute heart block', abnormal elcolTO- 
cardiograms, etc. Christiain recently stressed that myocarditis, in the 
sense of an acute inflammatory process, is rare and of minor clinioa 
importance. However, he contimicd, “if by acute myocarditis is meant 
tlie circulatory disturbances with or without evidence of degeneration 
of the muscle fibers or cellular infiltration between them, associated with 
infectious diseases, it is a frequent occurrence.” It thus seems clear that, 
the clinical concept of myocarditis is often linked with the physiologic 
disturbance in the circulatory apparatus, rather than with anatomically 
demonstrable inflammatory changes in the myocardium. One reason for 
this discrepancy lies in the fact that there is very little information ob- 
tainable for a correlation between anatomic changes in tlic myocardium 
and a clinical diagnosis of myocarditi.s. This may be explained in part 
by the fact that, during routine autopsies, as a rule only a few blocks arc 
cut from tlie myocardium. The absence of inflammatory changes in those 
feiv sections certainly does not preclude a diagnosis of myocarditis, and 
a consequent report of a normal or degenerated myocardium often mis- 
leads the clinician, who expected a positive diagnosis to confirm his 
ohserwations. That the diagnosis of myocarditis has fallen into discredit 
is, therefore, often definitely the fault of the pal Iiologist wlio lias failed 
to examine more representative blocks. 

Prom a recent comprehensive review of the literature on myocarditis,^ 
it is apparent that actual myocardial inflammatory changes in the vari- 
ous diseases are not rarely described. Often, however, these changes 
are not mentioned in the diagnosis and only very rarely is myocarditis 
diagnosed clinically. Excepted from such a general conclnsion is myo- 
carditis in rheumatic fever, which, because of the cliaracloristie micro- 
scopic picture, is often diagnosed anatomically and certainly often con- 
sidered clmically. ^ Also, paradoxically enough, in view of the fact that 
as many pathologists believe, sypliilitic myocarditis— in the absence of 
mi lary gumma— cannot be recognized anatomically, so-called syphilitic 
myocar ditis is often diagnosed clinically. 

Received for publication Jan, 30, 1942, 
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There js a type of myocarditis— isolated, or Fiedier's^ mvocarditis- 
which, during the last decade, lias received increased atten'tion simply 
because it is more or less diffuse and thus easily recognized anatomically 
even -when only a few sections are examined. Although this ty])c of 
myocarditis seems relatively rare, it is interesting that, since attention 
was drawn to it in 1929,-' a number of reports have ap})carcd in the 
literature, whereas until that time the condition was apparently little 
known in this country. More recent reports indicate that, if the clinician 
and pathologist alike are aware of this condition, not only the patlioiogist 
but also the clinician diagnoses the disease correctly. Therefore, it 
would seem likely that, from a review of the clinical and anatomic pic- 
tures of isolated myocarditis, some data concerning myocarditis in gen- 
eral might be fortheomi 2 ig. 

Fiedler’s, or isolated, myocarditis is a special form of myocarditis, al- 
though it is not specific in the anatomic sense. Although FicdleF termed 
this myocarditis “acute interstitial,” it is clear — as Sikh' pointed out — 
that Schmorl, who studied the hearts in Fiedler’s cases microscopically, 
actually described parenchj'matous changes in some of the heart.s, with 
outspoken necrosis. From a review' of the reported instances, it appears 
that this type of mj'ocarditis denotes more or less diffuse inflammatory 
changes in the myocardium, of w'ide variety and varied etiology; the 
principal thing that they have in common is isolated involvement of 
the myocardium by a nonspecific lesion, without inflammatory changes 
in the endo- and pericardium. Thus, rare instances of rheumatic myo- 
carditis (Kramar'), in w'hich there are Aschoff bodies w’ithout accom- 
panying endo- or pericarditis, do not fall within the category of isolated 
myocarditis, nor are cases of pyemia wuth abscesses in the myocardium 
(suppurative myocarditis) included. There are also records of patients 
w'ho died of heart failure, and, at autopsy, .showed not only diffuse myo- 
carditis, but also granulomas with neci'osis and giant cells. Although 
some of these granulomas at first suggest a .syphilitic or tuberculous 
etiology, neither tubercle bacilli nor spirochetes are present; however, 
sometimes there is a positive history of tuberculosis or of a syphilitic in- 
fection. This is referred to as granulomatous or productive myocarditis. 
But in the absence of any causative agents, if syphilis and tuberculosis 
can be ruled out, these granulomatous lesions may also be classified with 
“isolated myocarditis.” Although extensive necrosis is not menhoned 
in many of the case reports of “isolated myocarditis” (Karsner'), the 
isolated involvement of the myocardium and the unknown origiii would 
lead to the inclusion of this myocarditis as a subvariety of the isolated 
form. 

There are other recorded instances of isolated myocarditis in which 
there were inflammatory cells, many of wdiicli were cosinophiles The 
belief is expressed that this type of myocarditis may be ol an allergic 
nature, perhaps resulting from a special idio.snicra.sy to either bismuth 
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or arsenic componnds. although udrcualin has also been 
(Pranz»). However, since only the myocarduiin is imolNcd, uKh no 
changes in the endo- or pericardium, and since tin: ot u.i oif,.ins s im 
no characteristic cliangc, it seems wise to inchulc these mvocarditu cs 
also under isolated myocarditis, especially since the allergic nature oL 
this lesion has not been proved. 

Inasmuch as wc were aware ot the existence ot isolated myocarditis 
and realized the importance of examining many blocks of the. heart 
muscle in order to make a correct diagnosis, we rontinoly and caret ull\ 
studied the myocardium in all cases in which t.lic possibility of myo- 
carditis was suggested, jn-iueipally by evaluation of the. autopsy observa- 
tions, bnt also post hoe by certain clinical ob.scr vat ions. As lias been 
pointed out elsewhere, few data are available concerning tiie treiiueney 
of myocarditis in general auto])sy material, and there is no iniormation 
regarding the incidence of isolated myocarditis. Clnulejova’" flDlbl). in 
reviewing autop.sy material in 8,474 ea.ses, mentioned 22.1 instances ol 
myocarditis. However, .since no details were given, it seems that certain 
instances of ar{erio.selcrotie heart disea.se must have been included among 
the 221 hearts. Brown and Hunt" studied IBi inslanee.s ot infectious 
diseases and found myocarditis in forty-six. 

In 5,626 antopsy cases, I’outine examination of llic lienrls diselo.sed 
240 instances of myocarditis. Not included in this malerial an; con- 
tagious diseases and syphilis. Isolated myocarditis of the granulomatous 
variety, as di.scussed above, was cncouulcrcd only once, and diffuse myo- 
carditis fourteen times. 

The following are some of the clinical data on thirteen jmticnls, and 
a summary of the gi'oss and histologic observations, showing indamma- 
toiy changes isolated in the niyoeaz'dium. An analysis of these and 
other reported cases is presoiited with a view to clarifying this entity. 
The possible causes of isolated myocarditis arc also disemssed. 

CLINICAL NOTJS* 

Since none of the ])atients wa.s oiiserved by llie antlior, the most 
essential facts given here were taken from the clinical records. Thcia* 
were twelve instances of the diffuse lyjie, with no circumseriiied grami- 
lomatons lesions, and one which was characterized by the formation of 
granulomas. The twelve imstanees of myocarditis, although anatomieallv 
prmeipally identical, may be ela.s-.sificd as lho.se in which neither elinieallv 
nor at autopsy were other lesion.s demonstrated which might be cor- 
related with the myocarditis; and tbo.se in whicli other di.seasos were 
piesent, but, as far as could be a.scertained, wore not likely to have 
oine any causative relation to the myocarditis, pjvc of the twelve ivi 
tien s with ttic diffuse type of myocarditis had other dilt. otVlnid 
I^ec s cirrhosis, and anotlior, tnberculons osteomyelitis. Two oilier 

Hospita™fir^mc®?ecoras°ofTte^ I>opaitmo.,t of Xloaiclne of Mlnlmol Kco.^o 
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patients died suddenly after an operation for ventral hernia and for 
carcinoma of the large intestine, respectively. A fifth patient had a 
nodular coUoid goiter witli toxie symptoms and died suddenly before a 
contemplated operation. Seven patients at autopsj' shoved no disease 
except the myocarditis. Only one of these seven patients gave a history 
of a “septic sore throat.” None of the patients had been treated viti 
either adrenalin or any arsenic eomijound. 

The patient ■\vith gi-anulomatous lesions in the myocardium died sud- 
denly without a history even suggesting disease. 

The ages of the twelve patients with diffuse myocarditis varied from 
10 months to 55 years. There were eight males and four females. Tlie 
clinical diagnosis of heart disease was made in only three eases, and 
myocarditis was not recognized in a single instance. The heart disease 
was diagnosed as pericarditis, coronary thrombosis, and mitral stenosis 
OTth insulBeiency, respectively. On two of tliese three patients electro- 
cardiograms were made, and the following changes were encountered 
(Dr. L. N. Katz) : The first had a rate of 67 per minute. The P-R 
interval wms 0.44 see. QES was upright irr Lead I, inverted in Leads 11 
and III, and slurred or notched in the limb leads, and the duration was 
prolonged to 0.16 sec. P was upright in Leads I and II and diphasic in 
Lead III. S-T^ was depressed, and S-Tg and S-T3 were elevated. Ti was 
inverted, and T, and T3 were upright. The chest lead (Lead CFj) 
showed that QRS was prolonged, almost entirelj" electronegative, and 
notched and small, with the fii’st phase inverted; S-T was normal in con- 
tour, and the P wave was diphasic. Interpretation : Sinus rhythm, first 
degi’ee A-Y block, intraventricular block of the common type. A defi- 
nitely abnormal record. 

The electrocardiogram in the second case showed a venti'icular rate 
which averaged 96. No P waves Avere seen; instead, there Avere oscilla- 
tions in the isoelectric portion of the record Avhich Avere iiTCguIar in 
spacing, amplitude, and contoxir (best seen in Lead I) and had a rate 
which aA’eraged about 340 per minute. The QRS aa'os tiny in the limb 
leads, and definitely notched and prolonged; its duration AA’as 0.12 sec. 
S-T was isoelectric in Lead I and depressed slightly in Leads II and III. 
T was tiny in the limb leads, inA'crted in Lead III, upright in Lead I, 
and indiscernible in Lead II. In Lead III a bizarre, premature, A'en- 
tricular complex aaus seen. The chest lead (CF^) showed that QRS A\as 
almost entirely negative, S-T abnormally elevated, and T upright; at 
times there Avas an upright U Avave. Interpretation : Fine aui-iculai 
fibrillation, Avith a moderately rapid A*entricular rate; a ventricular pre- 
mature systole; intraventricular block of the indeterminate (“low volt- 
age”) type. A definitely abnormal record. Note: ToAvard the end of 
Lead I artifacts are present, causing instability of the base line. 

In one of the eases in Avhich heart disease Avas recognized clinically 
the heart Avas enlarged and a rough systolic murmur Avas heaid OAcr t le 
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ape. T..ee a., .efoae 

The second patient ™s enlarged, and 

ortliopneic and cyanotic. ^ • «nvdi*ie borders did not shift with 

there was a pulsus paradoxus. The caidiae hoide 

etairot position. The clinical diagtiosis ™ 1--* 

patient had had shortneiB of hrealh for some tin 5 1 

Ld had palpitation. The apex beat was diffuse, and a « ^ « 

was noted over the apex and over the pulmonic area. All these patie 

had in common a weak, rapid pulse and low arterial blood 1“^^ ^ 
had precordial pain. However, the progressive myoeaidial failuie 


dominated the clinical picture. 



Fig. 1. Fie. 2. 


Nine of the twelve patients with diffuse myocarditis died suddenly. 
In one case death was attributed to coronarj’^ thrombosis. Two patients 
died unexpectedly after laparotomies. Three patients were brought to 

the hospital in extremis, were very cyanotic, and died before any history 
could be taken. 

The patient who had granulomatous myocarditis, . a 40-year-old man, 
had, as far as could be ascertained, never complained, of any illness but 
suddenly dropped dead while working. ’ 
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ANATOMIC OBSERVATIONS 

All of the hearts were enlarged and dilated. Neitlier the pericardium 
nor the endocardium showed any abnormalities. Tlic myocardium was 
pale gray, and often faintly tinged with yellow, Avith minute grayish 
streaks or larger areas of gray and Avhite AA’liieh Amriecl, but corresponded 
roughly to the relatiA'e age of the disease. Histologically, the lesions 
Avere diffuse and pi’incipally interstitial in location, althougli the heart 
muscle fibers Avere also inyoHed. There Avere neither characteristic 
cellular accumulations nor did one particular type of cell predominate. 


Fig. 



-Granulomatous myocarditis. Note the giant cells, most of which arc muscle 
giant cells. Heniotoxylin eosin preparation, XMO. 


Fig. 


• 1 , 



■Granulomatous 


Dcarditis. Note the muscle giant cells. 
T^rpnnmtion* 


Ilemotoxylln 


.vmphocytcs and cndotlielial Icncocylcs ^ 

ountered cells, although found wilhin 

Bucoeytes were also seen. IMasl cells, aaiucu 
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the mtoKtitial tissue o£ 

usual. Trausitieusfio,uthe mllau™a iott lisltihulieu ef 

sembled those of rheumatic myocarditis. 

Tho hearts of the three patients in whom heart disease had nu n lo ^ 
nize?dhikallv Lived mluiy recent and old fib, -otic lesions tl.rou,hout 
the myocardium. Also present, however, were accumulations ol b ni]) 
cytes and endothelial leucocytes. 



i i: 1 4 ‘ : •■7' fj ;r '•i 

IvA t/'.'.j JJ' ..‘.'i./jf li.J..''.:. -R 

Fig. 5. — Granulomatous myocarditis. Note tlic ccntr.al 

eosln preparation, X20C 


area of necrosis. IP 




The heart ■which was the seat of the granulomatous myocarditis was 
about normal in size. Throughout the myocardium there were many 
irregular, yellowish-Avhite areas, about 3 mm. in diameter, occasionally 
somewhat larger, which showed a tendency toward fusion. In places 
they reached the endocardium and there assumed the form of minute 
nodules. The pericardium .showed no change. Histologically, there 
were large areas of necrosis, at the periphery of which many lympho- 
cytes, eosinophilic leucoeyte.s, and a few endothelial leiicocyles were en- 
countered, but none of these cells iiredominatcd ])articularly. Con- 
spicuous were a number of giant cells, with nuclear distribution more 
or less toward the periphery. Some of these giant cells wore definitely 
not muscle giant cells, but resembled those seen in tuberculosis. In addi- 
tion, however, many typical muscle giant cells were also encountered. 
Circumscribed areas without necrosis, consisting of lymphocytes, eosino- 
philic leucoejdes, and a few giant cells, were numerous. These regions 
were richly vascularized, and the vessels had thin walls. The adjacent 
myocardium disclosed a diffuse infiltration predominately of eosinophilic 
leucocytes and lymphocytes. Neither spirochetes nor tubercle bacilli 
could be demonstrated. 
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COaiaiENT 

From the data presented, it is clear that a form of myocarditis exists 
which is unaccompanied by either endocardial or pericardial lesions, and 
that it occurs in the absence of acute infectious diseases which are known 
occasionaUy to cause myocarditis. In ten of thirteen of tliese patients 
sudden death was attributed to the myocardial changes. 
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acute myocarditis, altliougli it usually caused the deatli of the pat , 
might occasionally undergo healing, with much formation of ncu co - 
nertive tissue. The patients in this series who died suddenly aflc 
surgical procedures, as stated above, and the three who were noUc ^ 
the hospital in extremis apparently belong to this first group. i 
second group includes the truly chronic forms which invariably cause 
death after several months. The left ventricle, particularly, and. occa- 
sionally also the left auricle, are involved in these instances. The initial 
changes, according to Boikan,^^ arc round ceU infiltrations; the cells 
either localize in groups, or more diffusely infiltrate the interstitial 
tissues. The capillaries are. conspicuously dilated. He stated that, lalei’, 
eosinophilic leucocytes are seen, and the muscle fibers become necrotic. 
Granulation tissue is formed gradually, and eventually foci of fibrosis 
replace the destroj'ed muscle fibers. Tlie three iiatient.s in whom, as men- 
tioned before, heaif disease was diagnosed clinically, apparently belong 
to this group. The third group (Boikan*‘) is characterized by the simul- 
taneous presence of recent and old inllammatoiy changes. Simon and 
Wolpaw^® reported such an instance. Because this is a progressive dis- 
ease which culminates invariably in the death of the patient, with the 
clinical picture of progressive cardiac failure, the term “pernicious” 
was applied by Boikan.^* 

Progressive heart failure and rather sudden symptoms of congestive 
failure are often present in these cases. Simon and ^Yolpaw’“ stressed 
progressive heart failure in their patient. Bailey and Andcrscifi'* re- 
marked on their patient’s cardiac pain. Cyanosis, .sometimes inter- 
mittent, is occasionally observed. It .should again be emphasized that 
the diagnosis of myocarditis is rarely, if ever, made; the scant signs are 
misinterpreted as evidence of either coronary disease or pericarditis. 
Mitral disease is also an occasional premortem diagnosis. In children 
with symptoms referable to heart disease, toxic myocardial degeneration 
is most frequently diagnosed. An overloolmd infection, possibly diph- 
theria, was suggested as a cause of myocarditis by Singer,''^ Tlic ciinieian 

is seemingly under a spell which iircvents liim from diagnosing mvo- 
carditis. 

Changes are also repoifed in the electrocardiogram. Dc la Cliapcllc 
and Graef^o were apparently the first to find evidence of severe impair- 
ment of conduction in this disease. 

Death from isolated myocarditis often occure suddenly. In this scries 
ten patients succumbed unexpectedly. Tlie patients in ^^lajor and 
Wahls - serms who also probably fall in this group, died suddenlv 
He Iwig and Wilhelmyi* stressed that interstitial (isolated) myocarditis 
should receive serious consideration ' 


111 any case of sudden and luiex- 


peeted death m which, at autopsy, naked eye examination reveals no 
anatomic lesion which could he held responsible. 

The cause of isolated myocarditis is obscure; many possible f -ml ore 
ave een considered, such as upper respiratoiy infections, “influenza,” 
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toxemias, and injuries of tlie myocardium brouglil about in* such ohcmi- 
eals as sparteine and adrenaline. Recently, Chamberlain^ ro])ortccl a 
patient with a history of alcoholism. It must also be cmpha.sizod that 
neither grossly nor histologically does isolated myocarditis vary in any 
• essential from the myocarditis wliieli is seen occasionally in the course 
of pneumonia and other acute infectious diseases, and in other condi- 
tioms-. Gouley, McMillan, and BelleG® described peculiar myocardial 
changes in pregnancy, but did not wish to imply that Ibis' form of 
myocardial change is specifically dependent ui)on pregnancy or on the 
puerperal state, because they had encountered it at least twice in men. 
They remarked that the clinical picture and the gross morbid anatomic 
changes in these cases were similar in many respects to those of Fiedler’s 
myocarditis. Thus, the cpie-stion arises wlietber or not one is justified in 
segregating Fiedler’s inyocarditis — -perhaiis excluding the granuloma- 
tous form — as a special type of myocarditis. The classification would 
not be based on the gross or histologic picture, but rather on clinical ob- 
servations, absence of definitely known causes of myocarditis, and subse- 
quent autopsy observations in those eases in which the clinical diagnosis 
was not made. 

Isolated myocarditis also occurs in infancy and childhood. Two in- 
fants are included in Smith and Stephens’*’ series. Lindberg," Bliih- 
dorn,^” Maslow and Lederer,-'* Greenebaum, Felson, and Zolig.s,’’’’ and 
Kenny and Sanes’’® reported relevant instances. It is interesting to note 
that Singer,’® who found myocarditis in two infants who died suddenly, 
suggested that it might have been caused by a clinically overlooked in- 
fection, possibly diphtheria. In our series three instances were found 
in children; they were 10 montlns, 35 month.s, and 3 years old, rcsjicc- 
tively. 


The granulomatous form of isolated myocarditis is much more rare 
than the diffuse type. Again it may be cmjdiasized that neither tubercle 
bacilli nor spirochetes can be demonstrated in these hearts, although a 
history of either tuberculosis or .syphilis may be obtained (Tau.ssig and 
Oppenheimer*') . However, in this respect mention may be made of 
Karsner,® who stated that syphilis cannot be excluded because of a 
negative Wassermann reaction and the inability to demonstrate si)iro- 
cbetns. Earlier reports of this kind of myocarditis were made by Baum- 
gartner,*® Saltykow,'® and Gierke,®® and, more recently, itiagner,®’ ^ikl® 
(who reviewed the literature), Ilansmann and Sehenken,®® donas, and 
Miller®'* reported relevant instances. In diseu.ssing Jliller’s case, ralho®" 
remarked that, in experimental tularemia, a granulomatous myocarditis 
whicli resembles the lesion in human granulomatous myocarditis is not 
infrequently found. This is interesting because the (lucstion imme- 
diately arises whether or not there may be other infectious diseases tha 
also produce granulomatous le.sions in which the causative oiganism 
cannot be demonstrated, and in which the granulation ti.s.suc is not 
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„....ae.eHs«c e.ou.1. to lead to the of the « a.-*- 

Blastomycosis can be ude^_ bccj^ ^ gvanulomatous myocar- 

Xcal?^B«!»»'»‘“ coK and demonstrated the 
ttSlns myocarditis is one form tvhieh P-ents n^h r a^ae^ 



Pig:. 8. — ^Trichinous myocarditis. Note the granulomatous lesion, .tvith necrotic 
foci. The patient died in the fifth week of the disease. TricliineUa spiralis was found 
in the diaphragm. Iron hemotoxylin eosin, X300. 


Histologically, the myocardium shows focal or diffuse infiltrations of 
neutrophilic leucocytes, lymphocytes, and a few mononuclear leucocytes 
and plasma cells. Usually many eosinophilic leucocytes are also pres- 
ent, although their absence is occasionally stressed, whereas, in isolated 
(Fiedler’s) myocarditis, a predominance of eosinophiles is sometimes 
noted (Magner”^). The muscle fibers ai*e degenerated or actually necro- 
tic. Since it is now known that the larvae are present in the heart, as 
a rule, only shortly after the infection, their absence does not preclude 
a diagnosis of trichinous myocarditis. In a personal observation, actual, 
small, granulomatous lesions were found in the myocardium in a case 
in which Trichinella. spiralis was encountered in the diaphragm. His- 
tologically, the changes in the myocardium resembled those which are 
seen in granulomatous myocarditis and in diffuse isolated myocarditis. 
Only the discovery of trichinae in the diaphragm prevented us from 
classifying this myocarditis among the isolated forms. Weller^" also 
remarked on the similarity of these two conditions, and LibrnaiU® ques- 
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tioned the similarity of eosinophilic and isolated myocaz-ditis, as re- 
ported by Smith and Stephens.-^ Thus, it seems clear that if attention 
is focused on the heart only, not only trichinous myocarditis, but per- 
haps also other types, may weU be confused with isolated myocarditis. 
On the other hand, the question must be I'aiscd wlietlicr or not, in some 
instances, isolated, particularly granulomatous, myocarditis may be the 
result of one of the known causes of inflammation. 

Theie are instances on record (RoscnthaP®) of mjmcardial inflamma- 
tion in which only on histologic examination were valvular clianges de- 
monstrable. Thus, it is evident that such cases do not fall within tlic 
categorj^ of isolated myocarditis, and the absence of valvular lesions 
must be confirmed by microscopic examination before a definite diag- 
nosis, based on mjmeardial changes, can be made. 

Rheumatic fever as the causative agent can be ruled out. Tlicre are 
instances on record of rheumatic myocarditis witliout cndocai'dial or 
valvular involvement, but the lesions in rheumatic myocarditis arc char- 
acteristic enough morphologically to rule out rlieumatic fever as the 
etiologic agent. Although it has been suggested (Sacks^®) tliat diffuse 
infiltration of the myocardium may represent an exaggeration of the 
less conspicuous leucocytic collections which aecompan.y tlie Aschoff’ 
body, this does not seem to be a likely explanation of the cellular in- 
filtrations in isolated myocarditis. 

In some instances of myocarditis the inflammation was diffuse, involv- 
ing large fields, and in others, many small foci of subacute inflammation 
were present. It is more likely that the difference in such cases lies in 
the severity of the myocarditis, rather than that it constitutes a diff'orent 
type of myocarditis. The three types of myocarditis described by 
Boikan^® are' probably different stages of the same disease. 

Lindberg’s'^ report of isolated myocarditis is noteworthy because of 
his suggestion that the initial changes maj’’ be of the serous myocarditis 
tjqoe, similar to those found by 'Wenckebach'*^ in the beribeil heart, and 
described by Rossle^*' and Eppinger, Kaunitz, and Popper The serous 
exudate in this type of myocarditis stimulates connective tissue over- 
growth, and myocarditis, with marked fibrosis, ensues. The myocarditis 
described by Lindberg," and also by Boikan,*** may perhaps have shown 
a “serous” component in its intitial stage. It is interesting that Ep- 
pinger, Kaunitz, and Popper^^ mentioned bums as po.ssible causes of 
serous inflammation, and that there are reported cases of isolated myo- 
carditis in which bui’ns are suggested as the possible etiologic agent 
(Zuppinger,'*'* and Kaufmann'*®). 

Lately there has been more and more diseu.ssion whctlzer or not the 
myocarditis may be of an allergic nature, perhaps a result of a special 
idiosymerasv to certain chemicals (bismuth, ai-scnic compounds, zieosal- 
varsmi, etc.). Sikl,'* Uckc,- Nelson,- Zalka,- and Brown and Mc- 
Namara'*'’ reported such instances (see also Saplnr"). Idaxvell ana 
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Barrett V- patient had a severe dermante apparaitly caused ™ 

eintoent. Bernheim-KarrerV- patient (a “ ' f j ‘ 

severe ecsema of nnloioivn origin. Brown and McNamala staled t . 
“in the light of our present knowledge, therefore, the aeceplance of • 
allergy hypothesis to explain the myocardial lesions of arsphcnaminc 
dermatitis rests on the exclusion of otlier causes on mor])liologic p’omids 
and on the compatibility of the lesions with those encountered m other 
types of known allergy.” Franz” suggested that the myocardial lesion 
which he had observed may have been the result of the administration 
of adrenalin, or possibly was caused by hypersensitivity toward adren- 
alin. French and Weller”” very recently described an interstitial myo- 
carditis, with many eosinophilic cells, in the hearts of 126 patients 
whose sole common factor was that one or more of the sulfonamide dings 
had been administered shortly before death. 

These observations are interesting, but sufficient data arc not avail- 
able to permit any definite conclusion in regard to the origin of isolated 
myocarditis. Many more examples should be studied, not onl}’’ for myo- 
cardial changes, but, in addition, complete autopsies, with careful mic- 
roscopic examination of all organs, are essential to ascertain ivhclher or 
not pertinent changes may be encountered in other organs, particularly 
muscles, liver, kidneys, and brain. 

Isolated myocarditis is also described in cases of hyperthyroidism. 
One of the patients here mentioned, who showed evidence of hyperthy- 
roidism, died suddenly before a contemplated thyroidectomy could be 
performed. Magner’s”‘ patient, although he shmved no symptoms of 
hyperthyroidism, died eighteen hours after subtotal thyroidectom3^ 
However, in a study of the relation betiveen thyroid disease and myo- 
cardial changes, it was concluded” from the evidence on liand and from 
a review of the literature that there are no consistent inflammatoi\v 
changes in the myoeardiums of patients who died of hyperthyroidism. 

SUMMABY 

There is a type of mjmearditis of unknoivn ox’igin which is not accom- 
panied by endo- or pericarditis. It oecui’s in patients who have no 
other disease that may be correlated with the myocarditis. This myo- 
carditis may also be present in apparently healthy pei-sons who, more 
or less suddenly, develop progressive myocardial wealtness and suc- 
cumb quickly. Clinically, the outstanding manifestations, in addition 
to the progressive myocardial failure, are a weak, rapid pulse, low 
arterial pressure, and an increase in the area of cardiac dullness Pre- 
cordial pain may be present. The disease occurs at any age, although 
young people seem more frequently affected. Therefore, arteriosclerotic 
heart disease can easily be ruled out. Tliere is no history of rheumatic 
evei. The patients often die suddenly. Of thirteen patients in this 
series, ten succumbed suddenly. It seems that clinician^ for some rei 
son, rarely, if ever, diagnose the myocarditis. ’ 
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Anatomically, isolated myocarditis docs not vary in hisloloiric details 
from the myocarditis which is occasionally encountered in tlie'" course of 
acute infectious disease. A diffuse and a granulomatous type can he dis- 
tinguished. The latter is much rarer, and morphologically soniewhat 
resembles the granulomas of tuberculosis and syphilis. Hislologicall'y. 
many giant cells (muscle giant cells) arc often recognized. The minuie 
granulomas which are seen in triehinous myocarditis may also occur in 
isolated myocarditis. Although nothing is known as to the cause of 
eithei the dilfuse or granulomatous form, it seems imperative in every 
instance to examine histologically other organs ajid siruclures besides 
the heart in i^ursuit of the causative agent, as in trichinosis, or, ])orhaj)s, 
tularemia. Lately, a hypersensitivity, particularly to arsenic compounds 
(arsphenamine and salvansan), has also been regarded as responsible. 
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A NOTE UPON MORE ACCURATE MEASUREMENT OF 
DIASTOLIC BLOOD PRESSURE 

J. ]\Iarion Read, M.D., and J. Se\v.vdl Brown, M.D. 

San Francisco, Calif. 

' I 'HE auscultatory method of measuring blood pressure has almost 
entirely replaced all other methods. The reason for the rapid and 
universal adoption of Korotkow’s auseultatoiy method was that it 
furnished a means of measuring diastolic pressure, which could not he 
done by palpation. 


THE ERROR IN AIEASURING DIASTOLIC PRESSURE 


Numerous studies have been made upon the reliability of blood pres- 
sure measurements, and the subject has recently been I'einvcstigated and 
summarized by Shock and Ogden.^ A review of most of tlie publislied 
figures reveals that the probable error in measuring diastolic pressure 
is greater than it is in measuring systolic pressure. This arises ap- 
parently from two causes, as folloAvs : 

1. The systolic pressure, as measured b.v the auscultatory mctliod, 
is subject to check by palpation, and although it usually reads four to 
ten points higher by the former method, nevertheless palpation furnishes 
a means of checking the accuracy of the systolic reading which is not 
available in measuring diastolic pressure. Observation reveals that this 
fact is too often forgotten, or neglected, by clinicians, although its use- 
fulness was stressed many years ago by Kilgore* and others, and re- 
emphasized in the “Standard Method for Taking and Recording Blood 
Pressure Readings” adopted by the American Heart Association and 
the Cardiac Society of Great Britain and Ireland.® 

2. Great uncertainty seems to exist regarding the point at. which 
diastolic pressure should be read. Some believe that it should be read 
at the end of the third phase (change of sound), and others at the end 
of the fourth phase (disappearance of sound). Some life insurance 
companies ask for a recording of both these end points, and some mention 
a fifth phase. The committee of the American Heart Association which 
drew up the “Standards”® recognized tlie difficulties, and also pro- 
vided for two readings when the end points are not identical. This 
seems unnecessary, and the stand of Wakerlin^ upon this point is veil 
taken because there can be only one diastolic pressure, and there aic 
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rKAD and drown: DIAS'I'OLIO DDOOD l-UKSSUUK 
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A means of reducing the error 

It is co„tmon taotvlcdsc that, thronghoul. the 
s„fe, «>:» is e «Mt,e oscinnUen o£ ^ e' e,!..; 

needle rf nn anevoid taslrument. As |1,e 

e„ff is iiieveascd, osefflation hegnis as soon as this ytiossme 
airy just exceeds the intm-arlcrlal ,.rossnre at the end ot ha to , 

;! Itranee of each pulse tvave into the 

rml'pt! 1 sound find it also increases the nilva-aitcual pic - i 
is‘transmitted back tkrongh the 

This causes an intermittent ascillaiion which is usualK about 1 nini. 11. 

at the diastolic (and systolic) end points. _ i r u.p mner 

Attention to these two points of change ni aniphtude of tlie mme- 

ment of the indicator Avill convince anyone that they corrcsjioiK 
the same points at which the systolic and diastolic pressures are road 1^' 
auscultation. In fact, it is pos-siblc to measure systolic and dia.slol.c 
blood pressure until considerable accuracy by utili/.ing only this visual 

method. 

experimental TE.ST.S OF THE METHOD 


To ascertain the degree of accuracy attainable by this method,^ one 
of us (J. ill. R.) recorded diastolic and systolic pressure by the ^i.sual 
method alone, and the other (J. S. B.) took tlic prcs.suvo by ausculta- 
tion. The readings were made simullanoously upon 102 ward patients, 
omitting only tliose witli cardiac irregularities. Wc used alternately a 
mercury and aneroid sphygmomanometer. Tlic degree of corrcsiiondenee 
between the auscultatory and vi.snal (oseillometric) metliods is .shouni in 
Table I. 

Table I 


Frequency or Observed Difeerence.s Between IBi.ood Pressure ME.\st:REM}'.NTS 
BY THE Visual and by the Au-scultatory AfirritoD 
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In addition to the above means of showing the close correspondence 
between tlie results of the two methods of measuring blood pressure, Ave 
calculated, also, the coefficients of correlation for the two series of ob- 
servations. For diastolic pressure the correlation coefficient urns 0.95, 
and for systolic pressure it was 0.98. Since the coefficient of 1.0 in- 
dicates perfect correlation, these are o.xtreinely, almost unbelievably, 
high values. We therefore hasten to point out that, as with other 
statistical measures, certain factoi's influence them which are not evi- 
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dent m the measures themselves. In tliis case the verv Ihfrli correlafion 
coefficients resulted partly from the great range of our data The di 
astolic pre.ssures ranged from 30 to 140, and the .systolic, from 72 to 
250 mm. of mercury. Very close agreement at holh extremes of the 
diastolic and systolic series tended to raise the correlation coefficient 
materially. Also, it was observed, when tabulating the observations in 
order to calculate the correlation coefficient, that the scatter about the re- 
gression line was .small (especially for .systolic pressures), and, fur- 
thermore, that those which were read too high were balanced by au al- 
most equal number that were read too low. This factor was very 
potent in raising the coefficients of correlation to the high figures oli- 
tained in this series of observations. 


THE GREATER VARIABILITY IN READING DIASTOLIC PRE.SSURE 


The amount of “scatter,” or variability in a series of observations, 
can be expressed by the statistical measure known as the standard devia- 
tion. This measure was calculated for our data, and for the dia.slolic 
pre.ssure readings gave values of 4.92 and 4.8 by the auscultatory 
and visual method.s, respectively. The .standard deviations for the sys- 
tolic pressure readings were lower, namely, 4.33 for the auseultatoiT, 
and 3.96 for the visual, method. 

We believe that the lower coefficient of correlation and the larger 
standard deviations for diastolic pressure are significant and constilute 
additional proof of the greater difficulty in measuring diastolic pres- 
.sure. This point was further investigated by calculating the standard 
deviations for several series of blood pressure measurements. 

The first is the published series of Wright, Schneider, and Unger- 
leider.^ In 1938, “to emphasize the need for a universal .standardiza- 
tion of the methods u.sed in the mea.surement of blood ju’cssuro,” these 


investigators studied the blood pressure readings made by intern.s, jiost- 
graduate students, and attending physicians upon .un.selected patients 
at the New York Post-Graduate Hospital. The greate.st variations were 
found in the readings of the ])o.stgraduate group; the least, in those of 
the attending ph.ysicians; and the interns’ were intermediate. We cal- 
culated the standard deviations of the variations from the mean dhistolic 
and systolic pressures for all three grouii.s, sixty-eight observations in 
all. The standard deviation for diastolic pressure was 2.49, whereas it 
was only 2.1 for systolic pres.sure. 

The second series of blood pre.s.sure i-cading.s (285 in number) was 
gathered in the past three years from tlii-ee succo-ssive classes in ])hysieal 
diagnosis at the Stanford Univensily iVedieal School. After being 
taught the technique of taking blood ])rc.s.sure.s, each member of a .small 
student group look the pre.s.sure of a jiationt, or another meinhei ol tin. 
group, and recorded it independently. This was done with the subject 
lying, and then standing, .so that each student had two oiiporfnnities 



BKAD BKONVX; 


nlASTOblC lU.OOl) I'UKSKUIJI'; 


IS'A 


,0 mc.,sm-c end, e,. Meet’s The i.,sl.',,elo.' {.). 51. ''jj*' ‘"J; 

and recorded tlie .snl).ieci's Idood pressure, und the 
diastolic pressures were ascertamod. The staiidar< < e ■ • 

these means, in nullimetors of moreury. wi.en ealeulaled tor both ]u •- 
sures, were 3.94 for the diastolic and 3.03 for the systolic pressiur. 

This greater variahility in reading iliastolie prc.ssiire is also .slunvn by 
the figurc.s of Shock and Ogden,’ whicli were obtained by having two 
observers li.sten through the same .stethoscojie. ^ Ilanulton, A\oodl)Uiy, 
and Harper” published figures which siiow dial, in comiiaring the direct 
(cannula) witli llie indirect (sphyginoinaiioineK'r) method, the iliastolic 
readings obtained by tlic indirect method deviated more from th(> values 
obtained directly than did the .systolic nieasurements. 


nmcu.ssioN 


All of the foregoing observations indicate clearly that diastolic pres- 
sure prc.sents greater diflieultios in measnremmit than does .systolic 
pressure. Recognition of this fact prompted Smith' to write: ‘"I'lie 
criteria for measuring diastolic jiressurc have bemi (and still are) vari- 
able among individuals and countries" (he jirobably bad in mind tlie 
matter discussed in the third paragrajih of this paper). He was dis- 
cussing the reasons why life in.surance eomjianies do not reipiirc blood 
pressure readings for all aipilieant.s. Allliough the value of these data 
to the insurance companies was not minimizi'd, he pointed out, flial an 
inaccurate measurement of the ])re.ssnre was likely to be more misleading 
than none at all. It is not only true that ‘‘blood pre.ssurc is the third 
most important routine jih.vsiologic measurement that the modern jiliy- 
sician u.sc.s with a fine degree of lu'ccision (sic), but it is also true that 
it is the only (piantitativo mca.snrc of a pby.siologic function upon which 
life expectancy can be estimated by insurance companies. 


Clinically, it is usually of little eon.sequcnce if tlie blood pre.ssurc 
is not measured accurately, even when there is an error of ,10 mm. Hg. 
This obviously is not true with re.spect to life insurance examinations, as 
all examiner.s and medical dircclm-s realize. Inability or failure to 
measure the pressure accurately is a matter of considerable numetar.v 
consideration to the eonipanie.s, and of eeonoinie and .social import to 
the applicant. In other fields the aeeui-ate measurement of blood jircs- 
sure can become crucial, o.g., when it is reiinii-ed as iiai-t of a ])hysical 
examination preliminary to acceptance for pni])Ioyment. in eitliei- private 
or cml positions; most porliiient .just now is its inelnsion as iiart of the 
examination of .selectees under the .Selective Service Act of 3940 Witli 
upper limits of 90 and 150 for diastoli,- and systolic pre.ssures • 
spect.vcl,, ,l,c mode of life of „ ^ 

may hang np„„ .. ,„i],i,„eie,„ of me.-, de|,e,.dm..'„„ l,mv 

piessore is read by flic oxaminw. N„ one’s ),lo„d ,„-cKs„re j, 

tat, nevertheless, an ex,™,i„cr should be able (o measure it aceni-atelv 
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Avithin 4 to 6 mm. That this does not seem to he the case 'iva.s sljo^ni bv 
Wright, et al.,= in their stud^- of the results obtained bv groups of pltv- 
sicians who measured the pressure simultaneously. Their results, whieli 
could have been anticipated, are nevertheless a startling record of in- 
ability to obtain even approximate values in one of the mast frequent 
clinical procedures. 

In view, therefore, of this demonstrably greater difficulty in accurately 
reading the diastolic end point, it seems desirable to sharpen the 
auditoiy estimate of this point by the visual impression gained from 
noting the change in amplitude of oscillation of the indicator at the 
diastolic (and systolic) end points. In fact, it has been our experience 
that the blood pressure of certain persons is almost impossible to measure 
by auscultation, so that it is necessary to resort to the visual and palpa- 
tion method to furnish the end points. 


CONCLHSIOXS 


There is need for more accurate measurement of diastolic and sj'stolic 
pressure, particularly the former, which is more difficult to measure than 
the latter. Coordinating the change in amplitude of oscillation of the 
needle or mercury column with the change in sound makes for greater 
accui’acy. 
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ACUTE CORONARY THROMBOSIS IN INDUSTRY 
II. Indirect Injuries From Toxic Gases and Other Physical Agents 

Harry D. Leinofp, M.D. 

New York, N. Y. 

'T'HE medical-legal importance of acute coronary occlusion in in- 
1 dustry was discussed in a previous paper." This study is concerned 
particularly with the reaction of the heart to indirect injuiies cause 
by exposure to toxic fumes, electricity, infections, and foreign proteins. 

The patients were workers (except Case 6) who applied for com- 
pensation benefits, believing that certain incidents whicli had occurred 
because of, and during the course of, employment had caused acute 
heart disease. The most common diagnosis was acute coronary oc- 
clusion, although a better diagnostic term would have been acute toxic 
myocarditis or coronary circulation insufficiency. These clinical im- 
pressions rested on a varying combination of first recorded medical ob- 
servations, a careful history, the examination, the subsequent clinical 
course, and the electrocardiographic, roentgenographic, and laboratory 
findings. 

It can be safely stated that in all injuries the amount of damage is 
usually in direct proportion to the offending force and that the physical 
status of an organ determines its response to trauma. 

CASE reports 

Case 1. — P. G., a 65-year-old porter, was found unconscious, liawng been over- 
come by fumes escaping from a leaking gas heater. He was given first aid and 
was put to bed, but he refused hospitalization. The diagnosis was acute monoxide 
poisoning. He complained of severe headaches, nausea, vomiting, and weakness. 
The following day a pulse arrhj'thmia and falling blood pressure were noted, 
without cardiac complaints. These findings were significant in view of a 
knoivn asymptomatic essential hypertension. He was seen five days later with no 
complaints. The heart was enlarged to the left; the sounds were distant and lacked 
snap; the pulse rate and rhythm were normal; there were no signs of decompensa- 
tion; the blood pressure was 120/70; and the retinal arteries were moderately 
sderotic. Serial electrocardiographic tracings showed sinus rhythm, left axis devia- 
tion, and acute myocardial damage. He remained symptom free except for transient 
heart pains and made a good functional recovery. 

Comment— TMs man was in good clinical health although he had a 
essential hypertension with some coronary artery sclerosis. 
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LKKOrP: acute COBONAIIV THnojinosre IS IKIIUSTRV 389 

AftoT expoAiu-c to iltamlEAtins gno, ho hconmo "nooEEcioi^ ■■mil do- 

Tolopcd toW objectivo signs of acKo hoaii 

four lionrs. This sclerotic heart was probaWj dnma„cd J 

dose of carbon monoxide. 

Carbon monoxide combines ^vitb Idood Immoglobin to form c.avboxy- 
hemoglobin, a stable compound u’hicb inlcvfeves with oxygen .absoip- 
tion; tliis produces a relative asphyxia, thus placing an excessive de- 
mand on the lieart.==- If tliis oxygen waiil, is persistent, fniudmna 
and organic changes may follow. In sclerotic and ])otentially di.seasod 
hearts more lasting and extensive damage may result. Drinker- and 
BecIC’-* believe tliat an exposure to this gas may precijiitale clinical 
disease. This case would tend to support this view. IVIaiiy okservers 
feel that, in addition to the anoxemia, Ibis gas can produce an acute 
or subacute myocarditis with round cell iiifillratioii,-'*’ * a lesion 
which has been demonstrated in experimental animals^’ * and at au- 
topsy.®' " In conclusion, it can be stated llial carbon monoxide gas in 
fairly large doses can damage the heart by iirodiicing a toxic myo- 
carditis or an acute coronary circulation insiifticioiiey secondary to the 
oxygen want or by direct action on tlic coronary vessels. 


Case 2. — J. C., a -la-j-oar-old frucic driver, w:i.« forced to drive .«-ev(>nfpen Iiour.« 
witli closed windows during a bad spcH of winter weather, .-tf the end of tliis 
period, he bceanio dizzy, felt a tightness across tbc ebest, and Iiad a severe Iieadacbe. 
He stopped tlie ear, opened tlio door, and lost consciousness. Jle was liospilalizod with 
a clinical diagnosis of acute carbon niono.xide poisoning, nllbougli no luboratory 
tests were performed to confirm (his impression. WiiiJe in the hospital he coinjiluinod 
of precordial distre.ss; rapid heart action and e.vertional dyspnea ajipeared when be 
was allowed to get up. The past history was normal. Tiie patient did hard phys- 
ical work without any difficulty on one job for eleven years. 

He was seen seven months later with the same cardiac conipluinfs. The heart 
was enlarged to the left; the sounds were of poor quality; the blood pressure was 
1.30/100; tlie pulse rate and rliytlim were normal; tiic response to exercise was jioor; 
and the retinal arteries were inodorafely sclerotic. 'I’ive electrocardiographic diag- 
nosis was sinus rhythm, left axis deviation, myocardial damage, and possible posterior 
coronary occlusion. 


Comment . — -This man iva.s in good clinical healtli niilil he was ex- 
posed for a long period of time to an almosphevc containing a moderate 
amount of carbon monoxide ga.s. Tlii.s resulted in typical symptoms 
of poisoning with an acute cardiac erisi.s. Tlie mechaiiistie possibilities 
are the same as in the previous ease except for the slow cumulative 
effect of a moderate eoiicentration of tlie gas. The automobile engine 
is a very common source of this poison. Gettler and jllattice® demon- 
strated that taxi drivers under ordinary working conditions mav liave 
as mueh as 6 per cent carboxyhemoglobin in the blood. There i's little 

doubt that this patient absorbed a great deal of gas under the described 
working conditions. u'-schulu 
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ASE 3. F. F., a 50-year-oIcl automobile meehanic, was road-tcstintr ji car <lurin,^ 
a particularly cold spell with the windows closed. Tlie floor boards had been ro 
moved, and gas fumes were seeping into the driver's compartment. At the end of an 
hour, he felt nauseous, faint, and dizzy and had a severe headache. He rc.sfod hut 
when he resumed his work, the same symptoms returned with a sense of chest pres- 
sure and rapid heart action. He was put to bed for ten days with a diagnosis of 
acute carbon monoxide poisoning; this was not confirmed by blood tests. On re- 
turning . to workj he noticed that any contact with carbon monoxide resulted in 
cardiac symptoms which gradually became so bad that he was hospitalized. The past 
history was normal. 

He was seen nine months later, complaining of exertional dyspnea and pain. 'J'hc 
heart was normal in size, shape, position, movements, rate, and rliytlim. The sounds 
were of poor quality and distant; a short s 3 'stolic murmur was pre.sent; the blood 
pressure was 150/100; and the retinal arteries were moderately sclerotic. The re- 
sponse to e.xercise was poor. The electrocardiographic diagnosis was sinus rhythm, 
myocardial damage, and intraventricular heart block. 


Comment. — F. F. was in good clinical liealtli until lie was e.xposed to 
a large dose of gas. Symptoms of monoxide poisoning and licart 
trouble resulted. He probably had an underlying sclerosis with silent 
myocardial changes, and this incident changed his clinical status. 


Case 4. — A. L., a 43-j'ear-old laborer, attempted to remove two men who liad been 
overcome by gas fumes while digging at the bottom of a deep shaft. In perform- 
ing this task, he became faint, weak, and dizzy and lost consciousness. All three 
were flnallj' removed by an emergenej' squad; the two workers died and only the 
patient survived. He was hospitalized with a diagnosis of acute “sewer” gas 
poisoning and mj-ocardial damage. At this time he was unconscious and c^nnofic 
and had a total cardiac arrhythmia which was considered auricular fibrillation, al- 
though no electrocardiograms were taken. He complained of rapid heart action, 
exertional dyspnea, procordial distress, severe headaches, nausea, vomiting, and 
abdominal pains. The past historj' was normal. 

He was seen two and a half j-ears later, complaining of weahness, o.xertional 
dyspnea, and cardiac pains. The heart was normjil in size, shape, position, move- 
ments, rate, and rhythm. The sounds were muffled, and the blood pressure wn.s 
130/110. The electrocardiographic diagnosis was sinus rhythm, right axis devia- 
tion, and some mjmeardial damage. 

Comment . — This man was in good clinical health until he was ex- 
posed to a mixture of gases which was toxic enough to kill two other 
men. He immediately presented cerebral and cardiovascular syndromes. 
This poison produced acute myocardial damage. The subsequent func- 
tional recovery did not parallel the objective finding.s, so tliat years 
later there were still complaints. 

The offending substance was sewer gas, which is a combination of 
various hydrocarbons (such as methane), carbon dioxide, carbon monox- 
ide, hydrogen sulfide, ammonia, nitrogen, and air. It is formed from 
decaying organic material and usually collects in pockets. The toxicity 
and symptomatology depends on the concentration of the %-ariou.s indi- 
vidual gases. These may replace the blood o.xygen, causing a.sphyxia 
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with a resiilting heart strain, or produce a ioxie j • -j, 

nortant to emphasize the toxicity of. cariiou dioxide, a s.ili.sl.iiK t. niinl 
is usually considered nonloxic hut whieli may he lu'csont in seuci pa. 
in such high percentages as to he the lethal factor. 

5 moclmihc, ptated tliaf, wliile fi.ving !>» dwtrii 

reiSgoratdtV^r di;x-ulo tnalc exploded. Ho received dwadenl hun. ul.cn. 
the face, tliroat, nmiUi, and chest; local pympto.ns, cough, chnlang Hen.‘-al...iiP. 
a loss of taste and smell re.«nlted. Several vveeh.p later, exertional dyspnea, tm.hr- 
cardia, and wenhnc.s.s appeared. The past Iiistory was normal. 

He was seen ton months later with the same cardiac symptom.^. Tim he.arl and 
aort.a were normal in size, shape, position, movements, rate, and rhythm. The sounds 
wore of good quality; the Wood pressure was 110/70; the response to oxorci.'^e was 
normal; and the loft cornea was scarred. The elect roeardiograj.hie diagnosis was 
sinus arrhytlimia, no axis deviation, and some niyocardiiil damage (preconlial lead). 
Serial tracings subscqncntly were toward normal. 


Comment . — This iium was in good clinical Itcalfh until cxjKi.scd to 
a large dose of sulfur dioxide gas and liijuid which caused severe local 
burns, exertional dyspnea, and (achyeardia assoeiiited with chaiipe.s in 
the oleetrocardiograin. Tlie changc.s in the hcttrl were of an acute 
nalui'C and .subsided with it good fnnetioiuil recovery. 

SuKur dioxide fumes irritate the re.sjnriitory mueou.s memhranc.s, 
but when in contact with moisture change to sulfuric acid.®’ In 
severe poisoning, a .secondary anemia and fispliyxiti cyanosi.s nuiy foj. 
low.’’^® The oxygon want is caused by eitlicr destruction of I lie o.vygen 
absorbing membranes or the anemia which may follow. The iinoxemiti, 
if severe and prolonged, leads to .structural and fiuietional ehatigos. Tlie 
to.xieity of sulfur dioxide gas, particularly as a refrigerant, was recently 
revieived in an excellent study liy ItleNally.’® 


Case 0. — I. D., .-i 00-yenr-ol<] housewife, w:i.s awaheiie*] from ,slee[i liy a .severe 
attack of coughing, sneezing, difliculty in lircathing, raj/ul heart, acliim, nml Ininiing 
of the eyes and nose. Tlii.s wa.s caused hy fumes (‘.scaping from a leaking .sulfur 
dioxide tank in an electric refrigerator. Slic was kept in bed and MihsequeiUly 
complained of dyspnea and precordial distre.s.s. Tiie.se .syiiiptoiim had jirevioiislv 
been present in a mild form, a.s.sociated with a known hypertension. 

She was seen about a month later witli the same symptoms. The heart wa.s en- 
larged t<) the left; the sounds had a fair (piality with an accentuation of the sec- 
ond aortic; there was a rough .systolic nuirimir; the retinal arli'rie.s were si-lorotif 
and the blood pressure was 250/110. The .dcctrocanliograpliie diagno.si.s was sinus 
rhjthm left axis dciviat.on, myocardial damage, and possiWe coronurv oed«si„u 

rial tracings, which were not obtained, would have lielped to determine wl.elher 
the changes w-Cre old or'new. "iwiiitr 

Comment—This case wa.s iucludcd beeause the loxin wa.s .sulfur di- 

o.Mde gas, allhougb of a noniiulustrial origin. The obicetivc fuulin-s 

weie inconclusive, but the increase of symploins wore su-ro.s(ive of im 

adto.„„al „t („„ctio,.. Tl,c pmonoo „t „n m.darW,,,. XZ 

ottoi alters the mpoiisc o£ an organ to traumii and nia/ dictate llic 
subsequent clmical picture. ^ aiciait llie 



A^MERICAX HEART .lOURXAE 

Case 7.-— C. M., a 48-year-oId fool maker, stated tint },i« n • . , 
mg instruments by heating them in a chemical bath' at to, ^ >>«nlou- 

1,800 2,000- F. This psoc.0„„ „s„,M t IXr.TV;';'’"? 

hidrogen sulfide, nitrous and minute amounts of ovao'i^r -ulfur (boxido. 

led off by proper tines. Polio^ing the installation l/aTe" TeroVreL"" 


ijUSUHzlf 


riiHn 
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adequate ventilation, tlie patient developed nausea, headnclies, dirzines?!, and rapid 
heart action. These symptoms recurred each time he used the furnaces, and on 
one occasion after ten hours of expo.mrc he collapsed with a sense of j,rcssnrc oicr 
the heart. He was put to bed with a diagnosis of acute coronary thrombosis. I he 
past history was normal. 
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He was seen six months later, complaining of slight 
enlarged; the sounds were of fair quality; a soft apica sys ^na the 

^t; L blood pressure was lGO/100; the response to exercise ^ 

retinal arteries were moderately sclerotic. The f -‘^trocardiograplm dm ^sis^i 
sinus rhythm, left axis deviation, myocardial damage, and residu. gn 
posterior coronary occlusion. 


(Jom«ieiif.— The patient began to have complaints after the installa- 
tion of a new set of furnaces with improper ventilation. These symp- 
toms were persistent, and folloiving an nnusnally long exposure he had 
a cardiac breakdown. This may have been a coincidence, but, m view 
of the fact that some of these gases can affect the structure and function 
of the heart, it seems probable that this contact under adverse conditions 
may have played an etiologic role in a heart already weakened by 
sclerosis. 


Case S. — S. B., a 45-year-old stevedore, punctured his left arm with a cargo hooh. 
The laceration was sutured; an injection of tetanus antitoxin wavs given; and he 
was sent home. IVithin twenty minutes he was aware of extremely' rapid heart 
action and felt weak, dizzy, and chilly. These symptoms persisted; dyspnea de- 
veloped and in six hours became so bad that he was put to bed with a diagnosis of an 
acute coronary occlusion. Four days later he developed joint pains, and a diffuse 
rash appeared. The acute picture gradually subsided. The past history was normal. 

He was seen four months later, complaining of exertional dyspnea, cardiac pains, 
choking spells, and wealcneas. Tlie heart was enlarged to the left; tlie sounds were 
of poor quality; a systolic murmur was present; the blood pressure was 152/110; 
tiie response to exercise was poor; and the retinal arteries were moderately sclerotic. 
The electrocardiographic diagnosis was sinus rhytJini, left axis deviation, myocardial 
damage, and anterior coronary occlusion. ' 


Oomwie?!/.— This man was in good clinical health until he lacerated 
his arm and received an injection of tetanus antitoxin. Within twenty 
minutes he dev'eloped signs of an allergic reaction with cardiac com- 
plaints, which in six hours warranted a diagnosis of occlusion. Was 
the heart collapse a mere coincidence, did the reaction to the foreign 
protein make an excessive demand on liis sclerotic heart, or did the 
heart itself take place in the general allergic reaction. It is impossible 
to know the actual course of events, but cause and effect were too closely 
related to be considered an unqualified coincidence. A similar reaction 
following pneumoeoecns serum was recently reported.’^^ 


“'f manager, received a face scratch in a figlU. 

fvnL^ ' “ forty-eiglit hours he developed 

p . signs an symptoms of erysipelas with a temperature of 104° F On the 

naa. n recovry. The pam WstoT ,v«. nova.l “ 

1.11, the „««aa ,( p„„e ^ pltu“g ede^Tth. 
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sponse to exercise was poor; and the blood pressure was 104/SO. The 
cardiograpliic diagnosis was sinus rln-tlim, left axis deviation, mvocardial 
and digitalis tlierapj-. 


elect ro- 
d:im:i£;i>, 


Comment. This man developed erysipelas, and at tlie peak of the 
infection signs and sjnnptoms of an acute cardiac breakdown with de- 
compensation appeared. Tliis w^as caused by an acute infectious myo- 
carditis, or the excessive heart demand, Avhich was prolonged, led to a 
steady depletion of the cardiac reserve, ending in clinical failure and 
coronary insutheiency. The primary infection played an indirect 
etiologic role in the heart picture. 

Case 10. M. H., a 46-j'ear-old beauty parlor operator, accidentally short circuited 
a drying machine, causing the electric current to pass through -her i)ody for several 
minutes before she was released. She was unconscious for about fifteen ininules and 
then complained of rapid heart action^ nausea, frequency of urination, severe head- 
ache, and a burn of the heel caused by the exit of the current. She was kept in 
bed for several weeks and, on getting up, noticed exertional dyspnea, precordial dis- 
tress, weakness, and dizziness. The past history was normal. 

She was seen three months later, complaining of mild dyspnea and heart pains. 
The heart, blood pressure, and electrocardiograms were essentially normal. 


Comment . — This tvoman was in good clinical health until she sustained 
a severe electrical shock. She then developed signs of cardiac itisuC- 
ficiency without objective findings. She made a good functional re- 
covery. The accident caused a loss of efficiency which was only tempo- 
rary in nature. This case is in keeping with current reports. Gonzales" 
feels that this type of injury may temporarily depress the res])ira(ory 
and cardiac centers in the brain. 


SUJIJIARY AND CONCLUSIONS 

This is a clinical study of ten cases of acute heart disease following 
such indirect industrial accidents as exposure to toxic gases (Cases 1 
to 7), electric eui’rent (Case 10), systemic infections (Case 9), and in- 
jection of tetanus antitoxin (Case S), The term indirect means that 
the offending force is not applied directly to the heart, but acts in a 
remote and indirect manner. Each of these cases must be evaluated 
on an individual basis although certain well-defined general piinciple.s 
must be followed. 

The functional and structural damage is usually in direct proport imi 
to the offending force, and the response of an organ to trauma is dic- 
tated bj^ the underlying physical condition. 

Certain gases are capable of affecting the heart both in the laboratory 
and at the bedside. They may act on the heart by producing a toxic 
myocarditis, interfere with normal oxygen absorption by destruction 
of the mucous membranes of the lung, form stable coiiipounds with 
the hemoglobin, produce anemia, or displace the oxygen m the blood. 
Oxygen want results in an excessive demand on the heart winch, ii pio- 
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longed, is .followed by structural and functional changes. Systemic 
infections and foreign proteins may also make excessive cardiac de- 
mands. Electrical shock produces a dysfunction without organic 
changes. In gas poisoning, blood tests should be done to determine 
the qualitative and quantitative character of tlie toxin. The toxic 
action of gases depends upon the concentration and lengtii of exposure. 
It is doubtful if a casual, isolated contact can produce serious lioart 
damage unless the gas is very concentrated. In most oi. tlie cases, symp- 
toms appeared after toxic doses of gas had been inlialed or the lieart 
had been subjected to a sustained demand (Cases 8 and 9). The func- 
tional evaluation niay often be delayed because the patient is bedridden. 

The most important factors in establishing causal relationship were 
the history and the circumstances surrounding cacli incident. Every 
effort should be made to cheek the patient’s story in order (o arrive at 
a fair clinical conclusion. 


REFERENCES 


1. Leinoff, H. D.; Acute Coronary Thrombosis in Industry. T. Direct Mon- 

Penetrating Injuries, Arch. Int. Med. (in pre.'s). 

2. Drinker, C. K.: Carbon Monoxide Aspln’xia, London, 1D38, O.vford University 

Pre-ss, p. 49. 

3. Beck, H. G., and Suter, G. M.: Kole of Carbon kfonoxido in Causation of 

Myocardial Damage, J. A. M. A. 110: 1982, I93S. 

4. Beck, H. G., Schulze, W. H., and Suter, G. kl.: Carbon Itronoxidc a Domestic 

Hazard, J. A. M. A. 115: 1, 1940. 

5. Hamilton, A.: Industrial Poisons in the U. S., Men- York, 1929, Itrncmilian 


6. Webster, E. W.: Legal Medicine and Toxicology, 

Saunders Co., p. 556. 

7. Gonzale.s, T. A., Vance, M., and Helpern, M.: Legal 

s n ApP’eton-Century Co., Inc. 

8. Gettler, A. 0., and Mattice, M. R.: The “Normal” 

J. A. jM. a. 100: 92, 1933. 

9. Cubing A. B., Edmund, C. W., Gunn, J. A.; Plmrm 
in Tvr P'^Vfdelphia, 1940, Lea & Febiger, p. 822. 

■ Me^S: 2 h'i930 " 
11. Blumgart, H. L., Schlesinger, M. J, and Zoll, P. AI • 
68Ti8i7i 941 Antecedent Shock.” 


Philadelphia, 1930, W. B. 

Medicine and Toxicology, 

Carbon Alonoxide Content 

icology and Therapeutics, 

Befrigerant, .1. Industrial 

klultiple Fresh Coronary 
Ca.se 1. Arch. Int. Alcd. 



A PHONO CARD 10 GRAPHIC STUDY OP THE HEART SOUNDS 
IN ACUTE CORONARY OCCLUSION 

Arthur jM. jMaster, jNI.D,, and Rudolph Priedjian, 

New York, N. Y. 

OINCE Herrick classical description of coronary occlusion in 1912, 
impairment of the heart sounds has maintained an important place 
in the diagnosis of this condition. Its clinical significance was re- 
emphasized by Levine^ but, in spite of the fact that excellent sound 
leeording devices are available at present, the character and mechanisn'i 
of the changes in the heart smmds have been studied phonocardio- 
graphieally onty by Parsonnet and Hyman^ and Master, Daelc, and 
Jatfe.'* Until now the phonoeardiograph has been used almost ex- 
clusively in the study of murmurs and the mechanism and physiology 
of the heart sounds, with scarcely any attempt to investigate the altera- 
tions of the heart sounds in the different types of heart disease and to 
correlate them with the clinical findings. We have therefore carried out 
such a studj^, beginning with acute coronary occlusion, preliminary re- 
sults of which have already appeared.® 

3IATERUL AND METHOD 

This report is based upon observations in seventy-eight patients ad- 
mitted to the hospital with acute coronaiy occlusion, Phonocardiograms 
were taken daily during the fii’st rivo or three weeks and thereafter at 
least tvdee a week, until discharge from the hospital. At the time of 
these observations the heart sounds had not been recorded in normal 
persons of the same age group with the type of electric amplifying and 
filtering system we used. Since the inherent frequency characteristics 
of different sound recording devices have a varying modifying influence 
upon the recorded heart sounds, we collected our own control series of 
phonocardiograms in 100 normal persons over 40 years of age. In this 
age group the transmission of the heart sounds is modified ly changes 
in the elasticity of the lungs and the thoracic cage, and the incidence of 
third heart sounds and auricular .sounds is less than in jmunger pensons. 

The heart sounds were all recorded at the apex since it is generally the 
point of maximum audibility. The patient was told to hold his breath 
■without strain at the end of a normal expiration; this excluded any 
effect of respiration on the intensity or pitch of the heart sounds. Phono- 
cardiogi’ams -were always taken in the semirecumbent position to avoid 

From the CardloCTaphic Laboratory and the Medical .Sei^-Ices ot the Mount Sine! 
Hospital, New York. 
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possible changes due to differences ni body position. 
used was an electric amplifying and filtering system the mcchan 
and structure of which have recently been thoroughly discussed } 
Rappaporf and Sprague.® We employed two inicrophones of difteient 
filtering range. The first transmits all the frequencies present m the 
heart sound, including those below the threshold of audibility, i.e below 
35 to 40 cycles per second. The second transmits only the higher ±re- 
quencies, those usually audible to the human ear. We were thus able 
not only to study the different frequency elements of the heart sounds 
but to record them as they are aetiiallj' heard during auscultation. 

The volume control provided in the plionoeardiograph made it possible 
to maintain the same degree of amplification in the serial tracings of 
each patient. Changes in intensity, particularly those of the first sound, 
could thus be follmved with more accuracy than had been possible 
previousl}'. Sometimes, however, this principle of uniform amplification 
could not be adhered to strietlj', due to marked and rapid changes in the 
intensity of the heart sounds from da}’’ to day. If they became too faint, 
it was necessary to increase the amplification to obtain a record suitable 
for the study of frequency changes. If the sounds increased markedly 
in intensity, the amplification had to be reduced lest tlie liase line lose its 
smoothness and become distorted by vibrations set up by sounds im- 
pinging too strongly on the microphone. 

Simultaneous eleetrocardiogi’ams and often also simultaneous venous 
pulse tracings -were recorded since phonocardiograms without reference 
tracings may lead to false interpretation of the timing and identification 
of the heart pounds. Orias and Braun Menendez' have demonstrated the 
value of venous pulse tracings particularly for identifying the sounds 


which occur in diastole, during which the electrocardiogram merely shows 
an isoelectric interval. The electrocardiogram is therefore of little aid 
in differentiating an auricular from a third sound and the latter from 
a split second sound, particularly in the presence of tachycardia. More- 
over, the time relationship of the onset of these sounds to the T wave or 
to the P wave of the electrocardiogram depends too much on the heart 
rate to assure their accurate identification. Their relation to the waves 
of the venous pulse are much more constant; the third sound coincides 
with the descending limb of the “v” wave and the auricular sound co- 
incides with, or slightly precedes, the peak of the “a” wave. 




NORMAL CONTROLS 

Before describing the phonocardiogi-aphic findings in the patients ivith 
old and none Sr 32 ' ’ ■>' ''"om we over 40 years 


•Sanborn Stethocardiette. 
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1. First Heart Soimd: AinpUhtdc.--ms is mcrclv (he 
recording of the intensity of the sound and varies norni'allv wid/sudi 
extracardiae factors as tiie elasticity of the thoracic cage ami hln.^s }),e 
amount of lung- tissue interposed hctween the heart and the clicsl wall 
and the amount and consistency of breast tissue, All (hose introduce 
difficulties in transmission, resulting in diminished amplitude and in 
changes in pitch of tlie heart sounds. Under favorable conditions of con- 
duction the normal first heart sound shows the following configuration 
(Pig. 1) : one or two vibrations of very low amplitude and frequency 


Fig. 1. — S. B. Normal male, aged 48, with normal electrocardiogram and phono- 
cardiogram. The first sound (Si) is of higher amplitude than the .second (S;) and 

■ ' ’ ■ ■ - 1 .-.^nd central high-pitched vibrations. Si i.s of lower iiniplUude 

■ ■ . ■. ■ ■ ■ Si. In this and the following flgure.s strips of the four-lead 

■ die left and the phonocardiogram with simultaneoii.<! Load II 

right. 




followed by a central group of vibrations of very liigli anijiliUide and fre- 
fpreney and finally one or two groups of vibrations of gradually decreas- 
ing amplitude. It has been established that the initial low com])onent 
is auricular in origin and is caused by vibrations which conliinic from 
the auricular systole into the ventricular systole. Tlie central group 
originates during the isometric contraction pha.se of tlie veiilrieles as-so- 
eiated with a sleep rise in intravcntricnlar pre.ssure. AVhethor it is 
produced by contraction of tlie ventrienlar muscle or, as many hold, 
by closure of the atrioventricular valves, has not been determined but 
is not relevant to this study. It is sufficient to em])liasiz;e the fact (hat 
these central vibrations occur during tlie isometric contraclion jihase 


and are therefore closely as.soeiated witli the magnitude of the 
ventricular pressure. Tlie final groups of vibrations are set up 
the ejection phase of the ventricular systole. 


intra- 

during 
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acute cokonauy ocn.t^siuN 


T.)!) 


The oonfigm-atio,, o£ .i>c ™ni,i i-* 



equally, it may be ascribetl to pstracauli.u, l.ictois. 
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Auricular Souiul (A.) 
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A, of noriiml niujtlitudn 
A, acecntiinteil (jireAyAlolic Ralloji) 
Tliird Sound (S,) 

Total luimhor 
Sj of normal ain|)Iilude 
S3 accentuated (protodiaHtolie. Rallop) 
Summation Gallop (fusion of A, and S3\ 


L’-l i *’ 

ni '' 


S.'! 


ns 


ao 

.•El 


'1*' 

0 


V (' 

(1 Jl 


T.\m,i: U 


Axai.ysis or TiiK I'ltKQfKxrv CoMroxr.xT.', nr 111 ); ITr-sr SjU'.sh 

(Comparison of Thirty Patients Witit t.’oronavy Oeidusion With Thitty Normul 

Suhjf'et*.) 
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‘In 90 jwr cent of cases; in rcnmtntn^- 10 jx.-r cnl tli,- frii.u.ni-v wa>. rlli-liitv 
Ijcyond this mnac. 


Table II presents the ntiinlter of vihralioijs, (liiratinu. uvcr:i”n fre- 
quency and frequeney ranq^e of the heart sounds in thirty of the lOO 
noimal subjects Avitli traeiii'cs reettrded by both the lotv-fretjueiiey and 
high-frc(iuency mierojdiones. A eompari.son of our figures wifli’ lliose 
in the literature, as compiled by Ortas tmd b.ratin Meuendez.--'= siiows 
close agreement, in regard to llie duration of tlie (ii-st sound Imt a sliuhi. 
though definite, disparity in tlic average fi'equeney rttnge. This ninv lie 
explained by a difierenec in tlie methods used, for our figures /igree with 
those obtained by aufltors wito also employed an eleelrie .•implifiealion 
.system’ .'Mmi are higher than those, ohtaint-d hy the direct ineehanieal 
methods of Wiggers and Dean.”- «■>•'•• Wo tlierefore accept, -d our 
own contro phonocardiograms a.s normal. It is also evid,-n( in Table 11 
t lat the vibration irequoneics oblaincd with the higli-frciuenev miero- 
phone were Inglicr Ilian tliose recorded with the 1ow-freqnen,-v miero 
phone, proof of tiic selective qualify of 11 , 0 former type of mie'vofdu.ne 
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2. Second Heart Sound. — The second heart sound is of shorter dun 
tion and lower amplitude than the first. Tlie fii-st sound presented 'a 
higher amplitude in ninety-four of the normal adults over 40 yearn of 
age. Ill the lemaiiiing six cases the second sound was lusher relative 
to the first sound and two of these six showed an absolute increase. 

3. Auricular Sound.~An auricular sound (Fig. 1) was present in 

38 per cent of the normal subjects (Table I), an incidence similar to 
that reported by others.*=> The auricular sound usually consisted 

of one or two vibrations of low frequency (25 to 40 cycles) and ampli- 
tude, immediately preceding the first heart sound. 

4. Third Sound. — A third sound (Fig. 1) was noted in 12 per cent of 

the control cases, the expected incidence in this age group. Its incidence 
has been found to fall with increasing age, being present in 57 to 95 
per cent of adolescents and young adults-®'" and in only 14 to 20 per 
cent of older persons.-®’ The configuration of the third sound 

(usually 1 vibration), its low frequency (25 to 35 cycles) and amplitude, 
and its relation to the second heart sound (approximately 0.10 sec. later) 
were similar to those generally described.’-' ’®' 

5. Gallop Wiytlivi. — Gallop rh.ythm was never encountered in the 
group of control subjects, since accentuation of the auricular or third 
sound, which produces this abnormality, does not occur in normal adult.s. 

JIYOCARDIAL INFARCTION 

1. First Heart Sound: (a) Amplitude. — The amplitude of the first 
heart sound was absolutely low in 24 per cent of the seventy-eight pa- 
tients (Table I); relative to the second sound it was low in forty-two 
cases (54 per cent), a very much higher percentage than was found iu 
the control group (6 per cent). This reversed relationship of the ami)li- 
tude of the first and second sounds, although known to the clinician, has 
been studied phonoeardiographically only by Parsonnet and llymaii'' 
and by Master and his associates.^’ ® As a rule, the loss of amplitude 
affected the central group of vibrations which normally shows the highest 
amplitude and frequenej’' (Figs. 2 and 3). 

The diminution in amplitude of the first, heart .sound usually apiicaicd 
immediately after the attack; in five of the forty-two cases the altci.itioii 
took place in three to ten days. The abnormality usually persisted dur- 
ing the period of observation of three to nine weeks but in ciglit padeut.s 
who survived normal amplitude reappeared in one to five weeks. 

(h) Frequency and Duration.— In Table II it will be seen that there 
was no significant difference from the values found in the contiol phono 
cardiograms in the number of vibrations, the duration oi the 
frequency range of the first heart sound at any time dining t le a ae^- 
The essential difference was the decrease in amplitude of the centra 
group of highest frequencies (Figs. 2 and 3). 
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deuce of this increase in amplitude of the second sound absoluteh' as ivp] 1 
as relatively (Fig. 2). Parsonnet and HymaiP also observed tliis In 
lable III are listed tlie ratios of the amplitude of the first and second 
sounds in serial records of these patients.. These cases were cliosen l.e- 
cause the amplification of the high frequeney microphone was kept con- 
stant throughout the patient’s illness (usually 6^4 to S). 

Table III 

COXCOjriTANT CnAXGE.S IX amplitude of PinST AXD SECOXB SOOXDS I.V CorOKM’V 

Occlusion 



3. Additional Heart Sounds: (a) Auricular Sound . — An aurieiilai' 
sound was present in 83 per cent of the patients. In 50 per cent it wa.s 
not significant since it showed the same coiifignration (1 to 2 vibralions 
of low frequency and amplitude) observed in 38 per cent of tlio normal 
phonocardiograms. The remaining 33 per cent of the auricular sounds 
in the coronary group were significant since they showed increased 
amplitude and formed a presystolic gallop. The latter is discussed later. 

(h) Third Sound . — This sound was present in 47 per cent ol tlic ])n- 
tients. It showed the normal configuration of the tliird heart sound 
found in 12 per cent of our control group, e.xcept for 9 per cent in wliioli 
the amplitude was increased, giving rise to a protodiastolic gallop. 

(c) Gallop Rhythm . — ^Working independently 'W’olfcrth and Jlar- 
golies,*® Battro, Braun Meneiidez and Orias,”' and also Buehosal” 
arrived at the conclusion that the sounds forming gallop rhythm rc])re- 
sented merely an exaggeration of phenomena normally present but often 
inaudible because of their low amplitude and frequency. Taking simul- 
taneous phonocardiograms and phlebograms for the proper identification 
of the gallop sound and using the classification proposed by Wolfertli 
and Mai’golies,'” these authors .showed that a pre.systolic gallop was pio- 
duced by an auricular sound of increased amplitude and that a proto- 
diastolic gallop represented an accentuated third sound. A summation 
gallop was formed by the superimposition of the auricular and Diiid 
sounds of normal or accentuated amplitude, this fusion being complete 
or incomplete depending upon the heart rate. In our series a pu- 
S 5 'stolic gallop oeeiuTcd in 33 per cent of the patients (lable I) and ua.s 
associated with heart failure in twenty-four of the twenty-six eases 
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(TtHa IV) It is of iDtoTost limt c»cl. ol tlic Iwciity-fouv cases had a 
C heart souDd of diminished amplitude 

o-allop (Fig. 4) was found in only 9 per cent of the patients, lint 
Summation gallop, in only 6 per cent, all of those also being associated 

with manifest heart failure. 

Ta\bi,k IV 
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Fig. 4. — ^11 H. Alale. aged 42. Acute coronary occlu.slon, fourllt week. Flcctro- 
cardiogram characteristic of recent anterior infarction (Qi-.-Ti.t iiattern). Fliono- 
Arsf'cnfAnli f'j'’"'® 'G'ninislied nniplitude and lo.s.s of lilgli-pltched component.^ of the 
hpult protodSastolio gallop rliytlini (G) due to an ivcrontuated tilled 

normal auricular souml Ot») is also visible prt‘ce{\luir »Sj. All lhe< 3 t' 
findings were present since the .second day of the attack. 


COMAIKNT 

First Sound. ^We have shown tlmt changes in tlie cliaracler of tlie 
first heart sound usually occur immediately following an attack of acute 
coronary artery occlusion and persist throughout the illness. The use of 
ow-frequency and higli-frequency microphones revealed diminution in 
amplitude of the central group of vibrations Avhieh normallv are of verv 

high amplitude and frequency and wliich occur during the isometric 
contraction phase of tlie ventricles. Jsoinetiic 

This change in tlie fii-st sound is audible as a “dull, muffled” or 
poor sound. Since the number of vibrations, tlio duration and aver 
Age freguene, of the fet sound did not sho,; an,, signih^rt iZ: 
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from normal, the explanation of the peculiar change in pitcli of the first 
sound must be sought in the diminution in amidilude of (he ceiural 
group and in the so-called masking effects® The latter implies that'u 
low-pitched sound of great intensity “masks’' a sound of higher ].Uch 
which is not too distant from it in the frequency scale hut of compara- 
tively lesser intensity. Thus, the masking of the faint high-frequency 
components of the first sound by the relatively prominent low-frequency 
elements produces the auscultatory impression of a dull, muffled or ])oor 
first heart sound in coronary occlusion. However, in the phonoeardio- 
gram recorded with a proper filtering and amplifying system, all the fre- 
quencies, wdiile diminished in amplitude, are present in a number not 
differing from the normal. 

It seemed logical to consider the loss of amplitude of the first sound 
the result of loivered intraventricular pressure resulting from (lie im- 
paired contractility of the infarcted ventricular muscle. Perhaps this 
is a factor in the first few days or more, when the patient is acutely ill, 
the cardiac output diminished, and the blood pressure low. However, 
this explanation does not account for the persistence of the low first 
sound after the patient has recovered from the initial phase of the 
attack, and often for months and years later when the patient’s condi- 
tion may be good, without heart failure, and with normal blood pressure 
and cardiac output. Hence one must assume that some change in the 
physical properties of the damaged left ventricle is the cause of the 
diminution in amplitude of the central group of vibrations of the first 
heart sound. 

The great majority of patients (37 of 42) with tliis type of diminislicd 
first sound showed signs of heart failure Avhile those with an unim])aired 
first heart sound developed none or only a very mild and transient 
degree (Table IV). 

The change in the character of the first sound in coronary occlusion 
is of diagnostic importance. We have seen that it is present in 79 per 
cent of patients during the acute and subacute phases and a follow-n]^ 
study of patients who have recovered from coronary occlusion reveals 
a tendency for it to persist for years. Only a limited number of follow-up 
patients have been studied phonocardiograpliically, but in a clinical in- 
vestigation®” of 202 cases followed for an average period of thi'ce years 
after the acute attack it was found that the first sound^ remained of 
abnormally low pitch and intensity in half the cases. An impaired firel 
sound may be the only sigii remaining after an acute attack of coronary 
occlusion,* and, whenever it is found in a pei-son of the coronary age 
group, the possibility of a previous attack of acute coronary occlusion 

should be borne in mind. 

Secooid IleaH Sound.— The explanation of the absolute increase m the 
second heart sound which occurs not infrequently in coronary occlusion 
is not clear. It is accepted that the second lieaH sound is produced by 
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heart failure in coronary occlusion^ accounts for the liinh ineidonro nf 
gallop rh 3 ^thm (47 per cent). 


The close association of gallop rhythm with heart failure was apparent 
in our series in which all but two of thirty-eiglit patients proscnliiw 
gaUop rhythm had heart failure (Table lY). Any of the three types 
of gallop rhythm may be associated with heart failure, but iJie pre- 
s 3 ^stolie t3i3e is most frequently found. The cause probably is the ii]- 
creased intra -auricular pressiu’e present in heart failure. The liieh 
incidence of gallop sounds in coronaiy occlusion cannot be regarded as 
specific since true gallop rhythm is also found in heart failure due to 
h 3 ^pertensive or rheumatic heai’t disease. However, the association of 
gallop rh 3 '^thm and imiiaired first heart sound in coronary occlusion de- 
serves particular emphasis since it is rarcl 3 ' encountered in heart failure 
due to other causes. 


SUMMARY 

A phonocardiographic ana^'sis emi)lo 3 dng microphones of different 
frequenc 3 >' filtering and transmission range was made of the heart sounds 
in seveut 3 "-eight eases of acute coronary occlusion and in 100 normal 
control subjects. The results were correlated with the clinical fmding.s. 

The first heart sound was absolutel 3 ’- diminished in amplitude in 24 ])cr 
cent and relatively to the second sound in 54 per cent of the patients 
with acute coronary occlusion. This diminution in amplitude affected 
the central group of high-frequenc 3 ’' vibrations and was attributed to the 
change in the physical character of the infarcted left ventricle and ])os- 
sibly, in the first few days of ilhiess, to the lowered intraventriculai' 
pressure following acute m 3 ’-oeardial infarction. 

Occasionall 3 " the second sound at the apex is increased to an absolute 
as well as a relative value. 

An auricular sound was present in S3 per cent of cases of coronary 
occlusion compared to 3S per cent in normal subjects. In one-third 
of the cases of coronaiy occlusion the auricular sound was accentual cd 
and formed pres 3 ^stolie gallop rlythm. This never occurred in noi-mal 
subjects. Accentuation of the auricular soiind was probably the result 
of the increased intra-auricular pres.sure following ventricular infarc- 
tion. It was praeticalfy alwa 3 'S associated with heart failure. 

A third sound occurred in 47 per cent of the cases of coronaiy occlu- 
sion as compared to 12 per cent in normal subjects. The high incidence 
in the former was attributed to the decreased tonus of the infaiclcd 
ventricular muscle. In 9 per cent of the eases the third sound appcajcd 
accentuated and produced protodiastolic gallop rhythm. Heart faihut 
was invariabl 3 " associated with it-. 

Superimposition of the auricular and third sounds of normal or ac- 
centuated amplitude occurred in 6 per cent of eases, forming snnun.ilioii 
gallop. This ty’pe of gallop rh^fihm was also associated willi hc.'irt 

failure. 
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Clinic^ heart failure ^vaH present in (53 per cent o 
narv occlusion. It occurred predominantly ,n ^ % 

sound of dimini-slicd amplitude (8S per cent) and gallop il‘>tlnn {• > 
per cent). It was much loss common in those with an ummpimed ii s 
sound (33 per cent.). This emphasizes not only the elosi^ re alionship 
hetween impaired heart sounds and heart failure hut also the serious 
import of a diminished first heart sound and galloj) rhythm. 

Gallop rhythm may he present before signs of heart failure me 

apparent. . 

The impairment of the fn-st heart sound following coronary oeelusioii 

is often permanent and may be the only i>ersistent .sign following re- 
covery. It thus may be of diagnostic signifieaiieo. 
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SPONTANEOUS CHANGES IN THE NOEMAU EAHIHT 
ELECTEOCAKDTOGEAH 

IlAiior.D H. Lr.viN-K. H.D. 

Bkistoi., N. II, 

AS A COEOLLAKY to anotlior rpsojirrli. it was nor-ossary to mnU(> a 
control study of the spontaneous day-to-day variations in the noi- 
nial rabbit elect roeardio-irain. Altbou-Hi similar controls nmy bavc^ 

been made in the course of other elcctroeardio-raphie invest iiratmns on 
rabbits, they must be considered as buried, as it were, and henee^ un- 
available as a standard for future refevenee. A careful search (»f the 
literature, moreover, revealed no publienlion dealin<.r inirdy with the 
normal rabbit elect roeardiop:ram. In order, therefore, to avoid further 
unnecessary and uneconomical duplication of effort, and because the 
present research did .show eon.siderahle sjiontanemis lariation in the 
appearance of the traciims. awareness of Avhich miudil keep the in- 
vestigator in this field from going astray, presentation of these observa- 
tions is considered desirable. 


MCTtion 

In tiicso cxpcriiiient?, fivc-tond clectrocnrdKi'rranis v.ere Inlicti cm every 
third, or fourtli day with n V!i<'iuini-tut)o type of elroiroi'iirdioerrijili (t'rtrdii'ttet. 
The skin waf! first dipped or .dinved over un area alioiit itic .«ire of an ordiimry 
surface electrode on tlic left and riglit foreleg!; and llie left liind teg elo'-e to tlie 
trunk, and over tlic anterior .surface of tlie clie-t. In a few insl'ince? iiariutu mlfide 
was used as a depilatory, and tiiis saved a good deal of time. The Imre area;- were 
tlien rubbed with Itedux electrode paste, mid flie surfiiee eleelrodes were ap]died and 
kept in position witti elastic. Imnds. In addition, elicst leads were talien by applying 
an electrode to the chest wall and attaching it to the left log eatde; tliis was emipled 
with the left arm cable, attached to the left leg electrode. The (raeings were tlteri 
taken with the lead switch on IvCad III. Two ehe.st leads were tahen, one from tlie 
left and the other from the right side of the anterior surfaci- of tlie llionix. In both 
cases the cephalic end of the electrode impinged e.vaetly in tlto apex of (lie axilla and 
the median side of the electrode was exactly in the inidline of the sternum. The 
animal was allowed to as.^unie a imturni prone ]>o.viti(m, and. nfter initial evidences 
of fear had subsided, and it was made certain that there was no rotation of the 
thorax about its longitudinal or transverse nxis, (lie tracings were taken. The use 
of restraint was avoided sis far a.s possible. In a few eases, frigid could be overcome 
b}’ putting a loose towel over the nnimal’.s head. Tlie records were cjirefully standard- 
ized so that 1 millivolt produced a deflection of 1 cm. 

Because of the looseness of the skin over the rabbit's chest, it wn.s diflienU to 
bo sure that exactly the same relationship held between (he position of the electrode 
and the position of the heart at different times. Kor uonld this diflieiiltv bo obviated 
byj^se of needle electrodes. However, in .several instances the chest lends wore re- 
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peated after removing and reapplying the chest electrodes, and identical tm.-ine- 
were obtained. By removing and deliberately reapplving tlic chest electrode I T 
cm. mesiad, laterad, cephalad, or caudad to its original application, marked difTcr 
ences in the appearance of the tracing were produced. Such changes could ea.ilv he 
produced by inadvertently sliding the .skin over the thorax in .applving the eh.st 
electrodes. The appearance of the conventional limb lead.s, by contrast, is verv little 
if at all atfected by slight differences in the application of tlie electrode to the 
limb. Accordingly, it is felt that gre.ater importance must be attached to spontaneous 
changes in the conventional leads than in the chest leads. 

On nine normal male rabbits, ranging in weight from 1.5 to 3.0 kg., five-lead 
electrocardiograms were taken at intervals of one to four days for a period of two 
weeks; on the average, one series of tracings was taken every other day. Also in- 
cluded in this study are the initial control tracings from a series of fourteen aiiininls 
that subsequently formed part of another investigation.! Tims multiple observations 
are available on nine, and single observations on fourteen, rabbits, making a total of 
twentj'-tliree animals. A total of 333 records was obtained on these Iwenty-thrcc 
rabbits. As far as possible, the tracings were made at about the same time of day 
and at about the same time after eating, A comparator wa.s used to nieasnro the 
height of the various components of the tracings. 'When the height of an individual 
wave varied from complex to complex, as it frequently did, tlie average of several 
measurements was recorded. Daily recordings were made of tlie rectal temperature. 
The nine animals on whicli repeated electrocardiograms were made wore sacrificed 
after the final electrocardiograms, and numerous microscopic sections were made of 
the heart. In no case were pathologic changes found. 


RESULTS 


Static Considerations . — The results are best expressed in the form of 
a composite tabulation giving the minimum and maximum, as tvell as the 
median and mode, of all the measuremetits made on the twcnly-tlirco 
animals (Table I). It should be noted that just as many ohsoA'vations 
exceed as are exceeded by the median value in height or duration. Tl)o 
mode, on the other hand, is the measurement most frccinently made. 
In this discussion Lead L refers to the derivation from llic left an- 
terior chest, and Lead R, to that obtained from the right anterior cIjo.sI. 


The P wave, when measurable, was usually upright, but occa.sionally 
inverted, in Leads I and L. It wa.s occa.siona]]y inverted, Imt usually 
upright, in Lead III. It was always upright in Lead II. In Lead R, tlie 
P wave was usuallj^ inverted, occasionally diphasic, but never ])iircl\ 
upright. 

The P-R interval varied from 0.06 to 0.00 in Lead I, from O.Ob to 
0.10 in Leads II and III, and from 0.06 to 0.08 in the chest lead.s (L and 
R), but the median and mode for all leads was 0.07 second. A Q wave 
was more often present than absent in Leads I and L. It Ufis ,.(n 
crally absent in the other leads, bnt depths of 1.6 to 6.5 mm. were re- 
covded occasionally. Very frequently there was no R wave m Lead ; 
this wave was generally well developed in all the other leads, espctia > 
Lead II. The S wave, too, was, more oi’ten than not, absent ni Lead . 
It was occasionally present in Lead IT, and usiiall.! veil 
Leads III and R. It was present in about half the tracings in Lead L. 
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was reversal in the direction of the major deflection of the QRS com- 
plex. In Fig. 1, for example, the major QRS^ deflection is downward 
in the first (Sept. 22, 1941) and last (Oct. 4, 1941) tracings, hut upriglit 
in the intervening ones. Similarly, in Fig. 2, altliough the ex])lorhig 
electrode was applied identically at all times, the major QRS deflection 
in the left chest lead was upright in the first (Sept. 22, 1941), fourth 
(Sept. 27, 1941), and fifth (Oct. 1, 1941) tracings, hut downward in 
the second (Sept. 24, 1941) and third (Sept. 26, 1941). Changes in the 
voltage and form of the T Avave were much more striking and frc{iucnt. 
In Fig. 1, Ti is sharp and mea.sures 2.4 mm. in height (Sept. 22. 1911). 

Left clic.st RiBlit olicst 

I II III Lead Lead 














iffa 








Fig. L— Serial, five-lead elfctrogirdiograms 
variations in the voltage of the QRS ^he contour of Ti from .sliarp to 

subsequent return to upright ^nd (-1) persistent, slight elevation 

rounded, with subsequent return to -sharp outline, anu.^^; pe. 

of RS-T in Lead L. 

On the next occasion it ivas more rounded and measured 4,1 ''' 

height. Spontaneous reversal in the direction o£ T";™’", 
except Lead 11, is another Icature ol the normal tnblnt oIoctr» md- 
gram. This was recorded only once in Lead I, but, in oi • 
cases in which repeated electroeardiograms were taken, the e 'P 
taneous T. inversion, with subsequent return to tlic upright diicclion. 





UEVINE 


CHANOKi^ IX UAIWIT V.l,wnl!OCA!!I>m(il! AM 


2 i;^ 


T„ Jiltliongli generally unrighl, likowise lre(ivienU> 'u'wis gen- 

voltage anil oeeasionally reversal of (Inretion. ” . ' ' varia- 

erallv inverted, but in two eases 51 was nprigib tor a tune. n se xat .a- 
J^o^^rAvell illus^ in Fig- 1 nnd 2. It, tlte former, shght ilev.a- 
(ions of the KS-T segment are also slmwn. Sueti deviations in\'i 'n 

ceeded 1 mm. . , o fu 

Althou'di the P-ll interval showed spontaneous variations ol U. >1 

0.02 sceoud. its total duration never exeeeded O.Ui seeond in tin* euji- 

ventional limb leads or O.OS seeond in the ebest leads, In several no 

stancc.s there wa.s .spontaneous lengthening ot tlie P-U interval tioin . i 

to O.OS or 0.00 .second, without ehange in the heart rate. In the few 

easc.s in whicii the P-P interval was 0,10 .seeond. there was an assoeiated 

slowing of the liearl. The dnralion of the tJPS eomplex was mvnnahle 

(0.03 second). 


II 


t.i'ft rh< ■^l 











fl'vtivio.-traiDKruin from ntliltll. rlKiwluj; n) .MmntniK-inii 


There were no in.stanee.s of Iran.sieiit or ]KTmanenl extrasy.stoles. au- 
ricular fibrillation or flutter, auricul.nr or ventrimilar laelivcji’rdia iimvi- 
ventricular liloek, Inuidle iirancli block, or anrienloventrieular' heart 
block in tins serie.s of observations. Traeiug.s from a struggling re- 
strained animal preceding and during the infusion of a .solution ’into 
the cai vein, did show frequent ventricular oxtrasy.sloles. with higeininal 
aid tiigeminal rhythm, but, as staled above, sneli elianges were not 
observed )n tlie xiiu'cstraincd atiiinal. 
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COMMENT 

Vizer and Haban= noted the variability of the rabbit electrocardio- 
gram from animal to animal, but they did not describe serial chan-cs 
in individual animals. The present observations are in accord with 
those of Becke, Johnson, and Harris,-^ vho. likewise, found no major 
disturbances in the conduction mechanism, bnt these investigators 
failed to find T-%vave changes in their control animals, and attached con- 
siderable importance to changes in the T waves which became di]>hasic 
or inverted. It emerges from the present study, however, that similar 
importance can be attributed to such changes only if tliey are present in 
Lead II, for they may occur spontaneously in any of the other leads. 

Such changes as have been recorded may be due to variations in the 
vagus mechanism,^ to extreme mobility of the rabbit’s heart, producing 
unavoidable changes in the position and hence of tlie electrical axis 
of the heart (such as Katz, Soskin, and Frisch'^ have assumed is the case 
in the dog’s heart), or to intrimsic electrochemical changes in the heart 
itself. It is the purpose of this report merely to record the. fact that 
there are such changes, not to establish their mechanism. 


SUMMARY 


The rabbit electrocardiogram exhibits marked spontaneous changc.s in 
the form, voltage, and direction of many of its components. Transient 
reversal of the T %vave in Leads I and II and in the chest leads is fre- 
quently observed. Tj is constantly upright. Slight ES-T segment 
deviations, never exceeding 1 mm., are frequently encountered. The 
P-E interval never exceeds 0.10, and tlie duration of the QES conqilex 
never exceeds 0.04, second. Abnormal rhythms arc not seen in the 
noi'mal, unrestrained, unanesthetized rabbit. 

Cognizance of these spontaneous changes in the rabbit electrocardio- 
gram is essential to the intelligent appraisal of experimental studies on 
the rabbit heart. 

My smcOTCst tlianks are duo John H. Westfall, V.S., for his assistance in carrjinp; 
out these experiments. 
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AURICULAR FIBRILLATION OP LONG UURATION IN 
RHETOIATIC HEART DISEASE 

Charles E. Kossmank, MJ)., axd Chaui.es A. R. Coxkor, 5*I.D. 

New York, N. Y. 

A uricular fibrillation is generally regarded as a ierminal event. 

in the course ol‘ rheumatic heart disease. The permanent cstablis i- 
ment of this arrhythmia after the age of 30 years in a person with rheu- 
matic heart disease is a grave prognostic omen, as the mean duration 
of life is two years^- the prognosis is even more grave wheii auricular 
fibrillation begins before the age of 20, as tbe mean duration of life 
is then less than one year.'"^ The life expectaJicj' ciu've of adults with 
rlieumatic heart disease and auricular fibrillation is positively shewed'; 
that is, it shows that only 25 per cent vvill live three years or longer after 
the onset of the arrhythmia. A few live as long as ten years. 

In a group of 276 adults with rheumatic heart disease and auricular 
fibrillation studied by DeGrafC and Lingg,' the longest ]>criod a patient 
lived was twelve years. Levine* observed a case of this kind for .seven- 
teen years. Bishop and Bishop''’ have reported a paticjit with auricular 
fibrillation of twenty -five years’ duration. The onset occurred at the 
age of 55 j’^ears. Necropsy revealed atherostenosis of the left coronary 
artery, in addition to rheumatic mitral stenosis. It is likely that arterio- 
sclerosis was the etiologic factor in this instance rather than rheumatic 
infection because of the onset of the arrhythmia at a rather advanced 
age. 

The three eases herein reported were unusual in that each had mitral 
stenosis of rheumatic origin with auricular fibrillation of fourteen, six- 
teen, and twenty-one years’ duration, respectively. The abnormal 
rhythm began in each subject at an early age, and death occurred at 
57 years, 33 years, and 45 years (Table I). This fact combined with 
other clinical data, and the pathologic findings observed in one of these 
patients make it likely that rheumatic fever was the only etiology in- 
volved in all three instances. * 


Case 1.— S. A., a wliite male, was told l.o had heart disease when he ^Yas 15 
years old. At 23 he had "rheumatism” of both ankles for one month. About the 
same time he noted a soft penile sore. No further details of this lesion arc avail- 
„ ^ during his twenty-fourth year, he was admitted to Bellevue 

in congestive heart failure. In the next four years he was admitted si.v 

Received for publication Dee. 26, 1941. 
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additional times, ivith the same syndrome, for an avcrape sta) ^ J f-vilviro 
time. With bed rest and digitalis he uould improve, only to lapse >u o Ui vuc 
shortly after resnmption of moderate physical activity. Of .ntcrest rvas the o.u.r 
rence of hoarseness during the f.r.st nine months of observatmn. 

On each admission beUvecn WM and IhlS the heart, was enlarged. 
and svstolic thrills were felt, and corresponding murmurs were heard at n. \ 

On occasions a svstolic. murmur, a diastolic murmur, or both, were iiari m i 
aortic area; at otiicr times neither one was audible. Two observers noted u .m'.s nbc 
murmur in the tricuspid area, and one of tlm.^e heard a diastolic .nurmur os well m 
1915 The pulmonic second sound was always louder than the aortic .seconi , n 
pulse was rapid, irregular in rate and force, and small. Tl.e ventricular rate, with- 
out the benefit of digitalis, varied from 100 to ISO beats p.-r minute with a pul,-e 
deficit of 25 and 00 beats. The blood pre.smre range was from 110/70 to 170/100 


Other physical findings were tho.<e of conge.stion; i. e., 


di.“teiided vi’in.s of the 


neck, rides at the bases of tlic lungs, large tender liver, and edema of tbc tmhles. 
Fluid was noted in the right side of the clie.-^l and was removed in anioiiiits front 
480 C.C. to 1,200 c.c. on four <lifl‘erent occasions between 19M and 1910. A tbiid 
wave in the abdomen was always eipiivocal. 

Evidence of rheumatic activity, other than heart faibiro and aurieular fibrillation, 
was usually scanty.® The first few days of each admis.^ion the temjsTature was 
approximately 101° F., but soon fell below 99.(1° F., and with a few brief exeep- 
tions remained there until his discharge. Ijeiicoeyto eoiint.s on admission were also 
slightly elevated. The blood Wa.ssermaim reaction was jni.siiive (12 to 1.5 iinit.s) 
in 1914, but thereafter was negative. Iodides orally and twenty intrnmuseular 
injections of mercury salicylate were the only antisyphilitic therapy given. 

The first electrocardiogram was recorded on Xov 9, IPl'i. It displayed auricular 
fibrillation with a low T, and a diphasic T. nml T., and right asi.s deviation (Fig. 
1.4). Subsequent electrocardiograms showed no significant change.'-’. 

From April, 1918, to April, 192.1, the patient attended the elinic irregularly but 
took digitalis mo.st of the time, lie wn.s regarded a.s liaving rheunmlie. heart di.scase 
with mitral stenosis and insulliciency complie.-itcd by auricular fibrillation. Func- 
tional tricuspid in.«ufiicicncy was thought to have existed during hi.s bouts of failure. 

From 392.3 to 19.34 his c.asc was not followed. In Fehrimry of the latter year 
he U’as readmitted to the hospital because of increasing weakness, dy.-ijmea and 
orthopnea of one month ’.s duration, all of tlic.-^e syuiijdoms having followed an U(>|ier 
respiratory infection. In llic interim of eleven year.*: he liad lieen workit\g steadily 
as a shipping clerk and had taken digitalis during the winter months only. On 
several occasions he had .slight .ankle edema, but only once (in March, ]9.'t3) wa.s it 
severe enough to cause complete lied rc.st. 

The only new physical finding w.a.s a paralyzed left vocal cord.T Ilo.-ir.scne.-^.s had 
been present for a year. Tlie venlricul.-ir rate was 80 beats per minute ultlmugb 
digitalis had not been taken regularly. The only evidence of rheumatic uctivitv 
was a slight increase in the leucocyte count and a ra].id sedimeiifalioii of IJie 
erythrocytes. A teleroentgenogram of tlic che.sl. (Fig. 2..f) revealed au ummnnl 
cardiac silhouette characterized by prominent bulges on both sides, somewhat JnVJ.er 
i«ter,weted as a greatly enlarged left auride. An 


krauride’ posterior displacement of the oJophngir 


bv the 


left auricle. 

The patient quickly improved on nest 
to Oct. 24, 1933, he was ambulatory on whole leaf digitalis 0 «' 
last visit to the clinic on the latter date he comnlainm/ nr ■ ' 

vag., pai.. i„ vo.ai.iig 


in bed and digitalis. From March 19 'l.J 
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Tlie patient entered the hospital for the ninth and last time on Xovemlvr It 
He was acutely ill. Abdominal distention and rigidity were marked. Blood wa< 
discovered in the vomitus and in the stool. The temperature was lOl" F ami there 
was no Icucocytosis. Heart failure was not marked. His course was rapidlv doum 
hill, and he died Nov. IS, 1935, at the age of 45 year.«, of what was thought to he 
a mesenteric thrombosis with infarction of the intestine. 

Necropsy . — Only the important pathologic changes are noted. 

Rcart (Gross Exomniotron;.— The weight was 700 Gm. There was extreme 
dilatation of the left auricle with atrophy of myocardium and marked endorardi'd 
sclerosis. Epicardial fibrosis of the left auricle was present. Organizing thromiu 
were found in both auricular appendages. Alarked hypertrophy and replacement 
fibrosis of the right auricular myocardium and old infarction of the right crista 
terminales were evident. 



Pig-. 2. — A, S. A., April 1C, 1931. li, S. A., Pcb. 2T. 1931. 

Heart (Eistological N-Ta m in at iorij.— There were healed mitral valvulitis (rheu- 
matic tjT)e) with calcification and stenosis, healed tricuspid valvulitis or persistent 
vascularization of the leaflet, persistent vascularization of the pulmonic lalie, aortic 
valvular sclerosis or healed valvulitis, and diffuse perivascular and moderate mlor- 
stitial replacement fibrosis of the ventricle.';. 

Aortas — ^Atherosclerosis was evident in the aorta. 

Obliterative pleuriti.s was seen in the right lung. Both lungs !;houed 
emphysema, congestion, pulmonary atherosclerosis, and moderate antliracosi.. 

Liver. — Cardiac cirrhosis with fatty change was noted. 

Spleen.— Chronic passive congestion and arteriolar sclerosis wore pre.^ent in the 
spleen. 

Gastrointestinal Tract.— There were hemorrhagic infarction of the ilcum (gan- 
grene), submucosal hemorrhages of the stomach, congestion of the small mtc.stme, 
and acute serofibrinous peritonitis. 
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and 


ffidaei/s.— Arteriolar nephrosclerosis, multiple healed infarct., 

It is to ho noted that no evidence of rl.cnmalic 
occlusive disease ivas discovered in the abdo.n.nal 
grenous ileum. A potential source of cmholi, honever, %\u. 

appendages. 

C\SE 2.— J. A., a ivhitc female, had frequent sore throats since the age of 
and pains in the muscles and joints, especially in the .-inter and spnng, since tiu 
age of 7. She never had a typical attack of polyarthritis or chorea. 

" At 9 years she e.\-perionccd dyspnea on effort accompanied liy orthopnea, cough, 
and palpitation. The diminution of her cardiac lesorvc progrcs.«cd in the ne.xt (no 
years to cardiac failure, for nliich she entered another hospital at the age of 1 1 
years. An enlarged lieart and evidence of mitral stenosis iind insuflicicney nere 
discovered at this time, but no notation nas made of an arrhythmia. After two 
months of complete rest in bed, she was discharged improved. 

Between the ages of 11 and 10 years she wa.s free from .symp1om.s of heart 
failure but continued to have frequent sore tliroat.s and jiain.s in the mu.scle.s. 1 1n 
second episode of heart failure occurred in December, 1921, at the age of D), 
at which time she was first admitted to Bellevue Hospital. Auricular filirillatioii 
was noted then and at all subsequent c.xaminations. The iiearl. was enlarged, and 
there was clinical evidence of stenosis and insiifiieioney of the mitral valve. Digi- 
talis was begun at this time, and she wa.s discharged in March, 1922, improved. 

The first electrocardiogram was recorded in the cardiac clinic on ^fnrcll 24, 1922. 
It showed auricular fibrillation with a ventricular rate of 140 per minute. There 
were no other abnormalities (Fig. IB). Repeated electrocardiograms in subsequent 
years were similar. 

She attended the clinic regularly for the ne.xt eleven years witli little change in 
her cardiac status. In thi.s jieriod she look 0.2 Gm. whole leaf digit.alis daily. Tliero 
were no definite signs of rheumatic .aefi\-i(y other than the fact that .she developed 
aortic insuflieioney in 192S. Her functional capacity remained good. 

She had completed college ami was working in 19.12 when she began to develop 
fatigue, dyspnea, orthopnea, and cough. As these sym))toms iiicrca.s<-d, (1es])lte 
extra rest at home, she -wa.s readmitted to the ho.cpitnl on Alarch 2.9, lO.').’}, in severe 
congestive heart failure. Tiiero were basal pulmonary rales on iidmission. nnd 
later .she developed a modenite effusion in the right plounil cavity. The liver was 
greatly enlarged. There was massive edema, of the lower extremities. Her blood 
pressure on admission was 170/80; it fell to 125/80 on discliurgc. Her (.•oiir.‘-(> w!ts 
febrile; the Icucoeytc count was high; the erytliroeytc sodimontntioa rate was ele- 
vated. A cardiac roentgenogram showed tremendou.s enlurgement involving all of 
the chambers. During the remainder of her life sho nlwavs di.splayed a simiinr 
cardiac silhouette. After nine months of bed re.st, digitalis,' and diiwctics, she im- 
proved somewhat and was discharged to the clinic in December, lO.-l.l, on a main- 
tenance dose of 0..3 Gm. of whole leaf digitalis daily. 

From this time on her cardiac reserve wa.s greatly diminished, and she snent u 
large part of each day in bed. She was admitted to the hospital in .Tammrv lO.lo 
for an alveolar abscess, and again in August of the same year for a recurrence of 
pains in the .loiiits, but on neither of these occasions was tlic cardiac status mucli 

.nged The same was true of her cour.se in tho clinic during the ne.xt two Years. 

On the evening of Dec. 29, 1937, after a hearty meal, the patient died «tuldenlv 
nhile preparing to retire. Slie was 33 years old. No necrop.sy was obtained. ‘ 

Case 3.~S. Y., a white female schoolteacher, had severe crowitirr 
the ages of 9 and 12, and an attack of chorea at 12 years, which lasted for sel-iwal 
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months. At 15 years a heart murmur was discovered, but, as she had no svnu.tom^ 
her physical activity was not curtailed. ' ^ ’ 

In 1910, at tlie age of 29, she was first seen by Dr. Joseph H. Bainton niul 
remained under liis care until 1935. His records reveal that there were no cardiac 
symptoms in 1910. There were a prcsystolie thrill and murnuir limited to the apical 
region, but no enlargement of the heart. The second aortic and pulmonic sound, 
were of good quality and of equal intensity. The rhythm was regular; the rate ivus 
68 per minute; and the blood pressure was 105/81. 


The following year she had mild articular pains on several occasions, ii.^iiallv 
associated avith or immediately folloaving an upper respiratorj- infection. Palpi- 
tation on effort avas initially noted at this time, but the pulse was always regular. 
The patient was digitalized, but the drug aa-as discontinued avhen it ^iroa’cd ineffectual 
for this symptom. 

In 1916, at the age of 35, a blood -streaked sputum aans produced on several 
occasions. In 1917 a severe attack of follicular tonsillitis occurred and was followed 
by mild pains in the joints aadiich persisted for several months. During this time 
there was no fever. 


In the period from 1917 to February, 1923, there avere no joint pains, although 
occasionally she complained of palpitation and had hemoptysis on a feav occasions. 
In 1923 the patient had a prolonged period of hemoptysis accompanied by pain in 
the precordial area. This episode avas considered a left loaa'er lobe pulmonary infarct. 
Immediately after this episode, she dea’eloped signs and sjTnptoms of heart failure. 

Physical examination at this time reaualed no change in the cardiac findings, 
except that the rhythm was irregular due to many premature contractions, the exact 
origin of avliich avas not determined. There avere moist rales at both lung basc.s, but 
no other objective findings of congestia-e heart failure. Digitalis avas again ad- 
ministered, this time with success, and she avas kept on a daily maintenance dose 
of 0.1 Gm. whole leaf digitalis. 

During an attack of acute bronchitis in February, 1924, at tlie ago of 43, auricular 
fibrillation, proved by an electrocardiogram (Fig. 1C) began and persisted for the 
remainder of her life. Except for the arrhythmia, the electrocardiogram showed 
no other alteration from the normal. No signs of licart failure developed with 
this change in rhythm, presumably because she was fully digitalized. Her blood 
pressure was normal. 


Three months after the onset of auricular fibrillation, an embolus lodged in tlie 
right popliteal artery, but recovery' was rapid. Nothing of importance occurred 
until January', 1928, four years after the onset of auricular fibrillation, when tin- 
other embolus lodged in the left popliteal artery, but again adequate collateral cir- 
culation developed and there was no residual vascular insufficiency. 

Late in 1930, the patient’s cardiac reserve began to decrease considerably. An 
orthodiagram at this time showed a moderately enlarged heart, the actual trans- 
verse diameter being 14 cm., while the predicted diameter, ba.‘-ed on the llodgt. 
Eyster formula.s, was 11.3 cm. The left auricle was seen to be enlarged m the 
lateral and oblique views. The heart continued to increase in size, inid on 
orthodiagram in 1936 the transverse diameter measured 15.T cm. In November, . , 
she developed classical sings of infarction of the lower lobe of the left lung. I n)m 
then until 1935, she had moderate dy.spnca on effort, and during most of tl.e tur.e 
rfiles were heard at both pulmonary- base.s. During this interval the blood prrs.-iire 
rose steadily to hypertensive levels, so that by the end of 1935 the .‘-y.stolic i-re-ure 
was over 200, and the diastolic, over 100 mm. of mercury. 
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From 1935 to the time of lier deofli, the |mtii>iit wn.x iimler the enre of Dr. Cl.-ir- 
once E. do In. Cliapollo and one of u?. In 1937 she took a pahliatlrnl leave from her 
teaching duties for the first time. In Oetolrer of tliat year, severe rongestive heart 
failure developed after iinii.sual jdiy.sical exertion. Thi.s re.-.pniideil partialh to rest 
in bed and annnoniutu chloride, so that she was able to la* U)» and about tla- hous*’. 
On the day of her death, Feb. 1, 193S, .she awoke feeling well rind made a visit to 
the school at which she taught. Upon leaving the school and while walking to a 
bus. she suddenly becautc dyspnoic and cyanotic. Slie was taken home by taxicab, 
and died a few niimitc.s after arriving. .She wa.s not seen by a phy.sician immediately 
before death, and no necropsy was performed. It was surmised that a jmlmonriry 
embolus was the cau.se of death. 
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smiALVRY ajs:d COKCLUSIOXS 

Three eases of rheumatic mitral stenosis complicated by auricular 
fibrillation -vvere observed for periods of fourteen, sixteen, and riveiity- 
one years, respectively. 'While under observation, one patient developed 
aortic insufficiency, and another, hypertension. 

Although congestive heart failure contributed to the death of each, 
it vas not the primary cause. In one, death vas caused by gangrene of 
the ileum, although a mesenteric thrombus or embolus could not be 
demonstrated at necropsy. In the remaining two, death was sudden, 
suggesting an embolic accident. One ease had four embolic accidents 
during life, two to the lungs and two to the lower extremities, exclusive 
of the final episode. The other two cases had no clinical evidence of 
embolization, except terminally. 

All three had long periods, twelve, thirteen, and fifteen years, re- 
spectively, during which they were gainfully employed despite their 
auricular fibrillation. Two of them were constantly under the influence 
of digitalis, while in the other ease this drug was taken irregularly. 
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AURICULAR AND VENTRICULAR PERICARDIAI. FRICTIONS 

P. Cossio, M.D., I. Berconsky, M.D., and R. G. Dambrosi, M.D. 
Buenos Aires, Argentina 

A STUDY of heart sounds and murmurs was made by means of 
graphical registration excluding the pericardial frictions (Cossio, 
Leblanc,’- Orias and Braun Mcnendez,^ Calo,^ Pazzanese”) . In one case 
(CaloU there is a questionable record of pericardial frictions because of 
the time and low frequency of the vibrations, since the auscultation was 
negative and necropsy showed adhesive pericarditis. In the consulted 
bibliography another doubtful record of pericardial frictions ivas found 
(Dassen and Vitale®) and was due to the absence of well-differentiated 
vibration within a defective base line. 

Two conditions may have caused the failure of graphical registration 
of pericardial frictions; (1) the rarity and (2) the incapacity of the 
devices in use. 

There is no doubt that the second condition is the more essential 
in the failure of registration for other phenomena of much more 
exceptional observation, such as the telesystolic and protodiastolic 
adhesive pericarditis clicks, were recorded. 

The use of an electrophonocardiographie unity of broad yield, con- 
cerning both frequenej^ and intensity, showed one of us (P. C.) in a 
routine examination of the private practice, the unmistakable record 
of a pericardial friction, and, as the analj^sis proved some facts classically 
accepted and revealed some others, further observation was undertaken. 

Although the number of cases is small, the uniformity of the results 
justifies following commentaries and conclusions. 


case reports 

Case 1. A man, aged 63, old dietetically compensated diabetic, under the care of 
one of us for a year and a half, had angina pectoris spontaneously or when disturbed 
by the slightest emotion. With large doses of trinitrine (he had masticated about 
3,000 pills) T„ and T, were permanently negative. On April 18, 3941, in the early 
morning there was a very severe midsternal pain; trinitrine was ineffective, and 
three 0.02 gr. morphium injections were required to stop the pain; the following 
day there were slight fever and a to-and-fro pericardial friction. ^ 

A simultaneous electrocardiogram and phonocardiogram (the first in throe limbs 
derivations and WP, the second in the four foci of auscultation using different filtrt 
tio^iowed electric alterations of a recent myocardial infarction (anterior t3'pe) 

InsmSfe, Aires Medical School (Semiological 

Received for publication Jan. 2, 1942. 
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Fig. 1. — Stetlioelectrocarcliograms recorclocl at .slow anti high .speed showing auricu- 
lar (/.a.) ventricular systolic (f.v.s.), ventricular diastolic (/.r.d.) pericardial fric- 
tions of harmonical higii pitciu 
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Fig. 2.— (Upper) PhlebosteUiogram, with accurate /Xi tlcal 

protodiastolic gallop rhythm and auricular .sound befoio 
(Down) Stethooiectrocardiogram, auricul.ar if. a.) and .sj.stoJJC venincu.u 
cardial friction of liarmonlcal high pitch. 
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PERICAKniAE r'RICTlONS 


..a . .CCS of .ore or le.s ho„,o,eneoos 
middle of systole, and protodiastole .nul pres. . 

^^p's?o_A n,a„ aged a plnv^ician, willi clironic glomeniUmeplivitis aud liyper- 

tension onS .milcn .ho on.o ol ono of "; (> ; «•)> ,,rion..li.i. .vill, 

failure and chronical uremia. On June _4, IPH, tlier . nn.is .v « p i 

pericardial frictions rubs in to and fro, which could iic heard and felt but n.th 

much more intensive sy.'tolic element. 
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tration, shoned left axis deviation with opponent S-T and 'md i.. 
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^vith negative T waves in all derivations and a to-and-fro pcricanlial fru-ticn 
The phonocardiogram of the four foci of auscultation irith different tiltr'^tinn 
simultaneously registered with a derivation of the electrocardiogram or pidoborrnm 
showed, besides the fundamental heart noises, two groups of homogeneous vihration^. 
the first was systolic, longer, and more intense than the other group which was 
smaller, beginning just at the height of the P wave and in the ascending branch* of e’. 


Case 4.— A man, aged 30 years, had polycystic kidney hypertension and uremia 
presenting an always marked protodiastolic gallop rh3-thm, often registered. There 
was a to-and-fro pericardial friction, by Bright pericarditis. 



Fig. 4 . — Stethoelectrocardiogram showing the auricular (/.«.) and .s.v.stollc ventrteui.'ir 
(/.V.) pericardial friction. 2": .second sound. G: gallop rliytlini. 

The phonoelectrocardiogram recorded In’ Dr. Campann, showed, hesido.s the fumJa- 
mental heart sounds and the protodiastolic gallop rln'thin, evidence of two groups of 
somewhat homogeneous vibrations; the sj’stolic one was lower and more intemso, and 
the other was shorter and smaller, beginning just at the .summit of the P w.'uc 
(Fig. 4). 

COJDIENT.S 

Cullin' (1824) described the pericardial friction .sound; lie coiii])iii(‘‘i 
it to a new leather ruh (craquement dc cuir ncuf) and attrilnitcd it to 
the slipping of the abnormally dry pericardium. 

Latham" (1826) explains that the pericardiac friction sometimc.s doc.^-- 
not show this acoustic character, seeming better a murmur hceaii.so of 
friction of the unpolished pericardium. 

Stokes" (1833) revises tliese and otlier acoustic modalitic.s of tlio 
friction sounds and sliow.s, as an important cliaracteristic, its laiiatioii.s 
in the postural changes. 

Hope^° (1839) adds, as a fundamental characlcri.stie, that the peii- 
eardiac friction is frequently a double to-and-fro noise, the fust w 
intense than the second, in correspondence witli^ the moyemon ,s oi le 
organ backward and forward within the pericai'dium ( iiinie 
cycle; but sometimes the noise may he only one, and then, systolic. 


GOSSIO ET AL.: PERICARDIAL FRICTIONS — ' 

Pennock" (1846) fixed and completed Ibis knowledge yonl.MHir llmt 
the Zntfro' noises oonid be ten, eel by Ibvce on ton,, no.ses nceo,, , 
with the pericardial friction produced by tlic conscentnc .u 1 i 
pendent -systolic and diastolic anricnlav and vcntncnlav inovcnic • . 

Sansom"- (1850) states that the pressure exerted by the stcihoseoiic 
on the precordium exaggerates the friction noises increasing the pen- 
cardial contact, but Walshe« (1853) proves that d haiipens when he 
stethoscope pressure is adequate, for its excessive increase aliolishes le 
pericardial rub explained by Friedreich’ < (1873) as the result of the 
impairment of pericardial slipping. 

The stcthographic record of pericardial frictions sliow.s the source 
of the to-and-fro noise and explains the intensity variations by the 


stethoscope’s pressure. 

The to-and-fro noise was proved to be doulilc more fminently than 
triple. It happens that the most intensive and longer is always .systolic, 
coincidently with the ventricular .systole since it is a ventricular .systolic 
friction. The other, or the remaining two, arc diastolic; when only one 
is present, it is synchronic with the auricular systole, tlius being an 
auricular friction; when there are two diastolic rubs, one i.s auricular 
and the other coincides with the rapid inflow, giving rise to a vcntrieular 
diastolic friction. 


The incidence of the so-called ventricular frictions during the middle 
of the systole or maximum ejection phase and the protodiastolc or rapid 
inflow shows that the pericardial rubs arc in rclation.ship to the maximal 
changes in volume and po.sition of the ventricles ivith the eonsequout 
friction of the pericardium which covers them. 

The verification that the so-callcd auricular friction noise coincides 


with the height of the auricular .systole docs not requii'o more exjilana' 
tion than that the rubs are caused by the friction of the auricular ])cri- 
cardium and not the friction of the A-enti-iculai’ ])ericardium during the 
distention of these chambers by the blood coming from the auricle. 


The verification that the to-and-fro noise of the auricular pericardial 
friction depends on the auricular systole suggests that, according to 
its production’s time during the great silence, the conditions of the 
auricular-ventricular conduction can be deducted by the auscultation, 
as reported by Vedoya” in an active rbcumatie carditis with delayed 
auricular-ventricular conduction where the auricular friction was pro- 
duced in the mid-diastole instead of the pre.systolc. 

The increase and disappearing of llie friction of the noises bv the 
stethoscope s pressure changes are explained by the graphic rword. 

The graphic registration of pericardiac frictions with ditTerent filter- 
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The frequency of the stethoscope witli tlie open l)e]l is given ])v the 

lengthening of the sldn enclosed within the stethoscope's edges tlic 

more the lengthening the higher the frequency and vice yevL The 
lengthening depends upon the pressures exerted on tlie skin ; the in- 
crease of the stethoscope’s pressure increases the frcqiiency (Kappaport 
and Sprague^®). But further investigations (Cossio and Vialc del 
Can’iP') showed that the stethoscope’s pressure (open hell) modifies 
not only frequency but amplification. In the progressive increase of 
pressure, initially there is more amplification with further damping. 

Both stethoacoustic principles in connection with the pre-eminent high- 
pitched pericardial frictions help us to explain their changes, firet xvaxing 
and then ivaning hy a greater pressure of the stethoscope against the 
chest, without any relationship with thoracic deformations giviiig rise 
first to more contact and afterward to immobility of the pericardium. 

The stethoscope pressing gently on the chest has a lower frequency 
than the prevailing pitch of the pericardial frictions, failing the trans- 
mission to the ear, aside from the masking produced by the predominat- 
ing lower pitches upon the higher ones. 

If the stethoscope exerts more pressure, its own frequency increases 
and picks up the friction noises; the transmission is better and thus 
the hearing improves not only because of a better transmission but also 
because of an inverseb'’ acting interference masking as a result of the 
pre-eminence of the higher pitches as compared with the lower ones. 

If the stethoscope’s pressure overlaps a critical level, the stethoscope’s 
damping appears quickly, the transmission vanishes, and the peri- 
cai’dial frictions are barely heard or even are inaudible. 

SmurARV AND CONCLUSIONS 

1. The graphic registration with different filtering of the pericardial 
friction rubs shows that it is an acoustic phenomenon more or loss 
harmonic, and in which the relative high pitches prevail. 

2. The acoustical characteristic so-called to-and-fro noise can he 
double or triple. It is more frequently double, the true to-and-fro. Ot 
the two noises, the more intensive takes place during the ventricul.ii 
systole (ventricular systolic friction) ; the other noise, the less intonsi\e, 
is diastolic and is produced during the auricular .s.vstole because of t ic 
slipping of the pericardium covering the.se cavities (auricular friction). 
Less frequently it is triple; the most intensive noise is alvajs .systo ic 
(ventricular systolic friction) and the other two are diastolic fone i.s 1 1(. 
auricular friction, and the other is produced during the lapi m o 
(ventricular diastolic friction)]. 

3. The primaiy waxin,g and consequently fainting or di.s.ippc<nm*- 
of the pericardial friction rub by the progrc.s.sive increase of the .stef lo- 
scope’s pressure are explained by means of the frequenej c lanLCs an 
damping of the stethoscope itself and not by thoracic deformation m 
more or less pericardial slipping. 
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THE EFFECT OF HIGH ^VLTITUDE AND REBEEATHING OK 
THE DURATION OF ELECTRICAL SYSTOLE IN ]\L\N 

M. S. ^YHITE, M.D., C. E. Kossmani^, jM.D., and I. Ersiilkr, i\I.D. 

Randolph Field, Texas 

^"^F THE Hxiniorous studies on Die effect of anoxia on the iunaaii 
eleetroeardiogram, few make reference to alteratiom? in liic dura- 
tion of electrical systole (Q-T interval). Greene and Gilbert’ found 
the “R-T interval” reduced in rehreathing experiments, but admitted 
that the measurements were difficult to make in many of their curves. 
Doetseh,^ using a low-pressure chamber, measured the duration of the 
“P-T interval” on the ground and at a simulated altitude of 6,000 
meters (19,685 feet). Obviously, this interval included a measure- 
ment of the auriculoventrieular conduction time. In twenty normal 
subjects who were studied in the sitting position, the “P-T interval” 
remained the same in two, hut was reduced in all the others from 0.01 
to 0.12 second. The average reduction for the whole group was 0.031 
second. In none of the work on the ano.vemia test for coronary in- 
suffieienej'^'® is reference made to the duration of electrical systole. 

For the purpose of ascertaining whether there are any alterations 
in the relation of electrical systole to cycle length during anoxic anoxia, 
six experiments were performed. All of the subjects were soldici's with- 
out a history of, or physical evidence of, heart disease. The thoraeio 
roentgenogram was noianal in every case. Records Averc made with 
an amplifier type of instrument.*’ In tlie experiments done during 
flight, the subjects Avere sitting; in those done on the rebreather, the 
subjects A\mre recumbent. 


Experiment I 


The standard leads and Lead WF Avere recorded on seventeen 
subjects during actual flights’® in army ti’ansports and bombcr.s to a 
lieight of 20,000 feet. Ascent to the highest altitude Avas made in one 
to tAAm hours; retuim to the ground Avas made in approximately one- 
half hour. The heart rates, the Q-T intervals, and the .systolic indices 


of Bazett (K = — S^) aati'c ascertained from the curves recorded on 
the ground prior to flight, at increments of 5,000 feet during flight, at 


Arniy 


From the Department of Avi.atlon Medicine, School of A^intIon Me llci , 

.\ir Forces. Randolph Field, Texas. tooArittirm of 

Presented at the Thirteenth Annual^ MeeUnpr of the Aero Medical .<..0 
the United States, at Boston, Mass., Nov. 1. 1911. 

Received for publication Feb. 4. 1942. 

•General Electric, Model B, electrocardloBraph. 


230 



WHITE ET AL.: ELECTRICAL SYSTOLE 


U 

ij; 

<5 


w 

a 

a 

t> 

a 

cc 


X 

a 

p 

H 


a 

0 

H 

cc 

X 

02 

P 

X 

<5 

a' 

1 

a 

Z 

H 

<y 

s' 

g M 

§ 

i” 

>3 

o « 

p 

MI2; 

R 


O 

cT 

CM 

o 

w 

P 

O 

W 

o 

Eh 

o 

&< 

a 

O 


EH 

Z 

a 

o 

V 2 

a 

o 

tH 

o 

a 

a 

a 


1 






2 0 ;2 ^ . 
g &! C 3 2 

h}H ip 05 U 5 CO «P 
n CO CO iri -rf Hi* 

H C 

^ 1 

NJ 

P 


S Z <! EH 

0 M > 

0 ^ 






» i-H t- rH 00 CO 


“0 


Si 00 r-< 0 t«- 

IP 




a 

rH 


3 5 f; 2 

000000 

0 


1 ^ 

S H W B 
to P' 

(O 0 0 0 0 0 

0 

0 

a 

X 

CO ir^ t- 0 0 

rH 

0 

> 

h- eo t>* t- Ci 0 

H 



to !>• CO 00 CO 

t- 


\ 


CO CO CO CO CO CO 

CO 


p 


0 0 0 0 0 0 

0 

d 

G* 


b- 0 CO Hjl CO CO 


rti 


X 

0 0 0 r-l OJ 

0 

oi 


< 

CO T}< r}< Til 

CO 



s 

000000 

0 

d 



0 10 rH r-f 0 0 

IP 

0 


z 

(M 10 10 V 5 »P 

0 




CO CO CO CO CO CO 

CO 

CO 



000000 

0 

0 







2 0 

0 t- 0 0 l> 

rH 



Eh K 2 

rji CO 0 

00 

0 

M 

STAND- 

ARD 

DEVIA- 

TION 




P 

CO C<I CO Hil 03 IP 


M 


r-{ r-l r -1 f—l 03 t-H 

03 

?3 

0 

000000 

0 

0 

U 

a 

w 

000000 

0 

0 


J 5 

rH 03 rH 00 CO 

0 

0 

M 


03 03 03 03 rH tH 

IP 

•a 

a 

a 

CO CO CO CO CO CO 

CO 

CO 

i 

S 

000000 

d 

d 

a 







XO 'tH K£> 

rH 

CO 


CO CO CO CO CO CO 


CO 

0* 

Ul 

000000 

d 

d 


0 0 0 CO !>• 0 

0 

0 



CO CO CO 03 03 03 

CO 

CO 



000000 

d 

d 


*-< ^ 1 

2 0 S5 

Eh S 0 





0 03 t> 0 03 
ip 0 03 Ip 0 

03 

rH 

rH 

Ip 


g w f> 

r-< 1— C tH rH tH tH 

03 • 

rH 


§ 0 < !5 
9 6J p p 

00 CO 0 Ip CO 0 

00 

b- 

a 

Eh 

P 

r-{ 00 0 CO ■tH CO 

CO 

d 

p a gH 

w 0 

»“J rH f—J rH tH 

rH 

rH 







a 

X 

<5 

0 IP b- CO CO 

03 

0 

a 

a 

b- tH CO b- C<i R 

Ip' 


a 

a 

a 

t- CO 00 CO 0 0 

0 

1'- 

a 







03 0 0 10 IP IP 

CO 


a 

0 0 0 r -1 03 r -1 

0 

Ci 



rH rH rH rH r-J 

rH 


X 

Ci 0 iH IP 0 

CO 



M 

IP 0 0 b- 0 0 


>P 









0 



a 


0 



p ^ 


rH 



P Eh 





p a 





{H w 

^ a 
a 

^ * 
0 0 0 oo 

^ S 

0 ^ 

* 



a 0 0 0 0 0 

0 ^ 




0 ^^0 Ip 0 
fcio o'lo't^o 
w r-i T-l r-l C3 

0 




o' ^ 




03 

C 3 


231 



232 


AMERICAN HEART JOURNAL 


17,500 feet, at 20,000 feet before and after breathing pure oxygen, and 
again on return to the ground.*' In obtaining these values, an avoraee 
of at least five complexes and cycles Avas used in eaeh lead, and the 
average of all four leads was calculated for each sub.iect. 



The means, standard deviations, and coefficients of Aaiiation fox t xese 
measurements and for the calculated systolic indices ucie 
from the curves which were recorded at the various altituc es ( a ) c • 
These values xvere plotted in terms of the percentage ( lan^c o 
variables mentioned, with relation to the altitude in ^ ® ' I 

(Fig. 1). Observations at 20,000 feet, without oxygen, ^vben compaiei 
to those made on tlie ground, showed a mean i»croase m P'' ^ 

17.7 per cent, a moan decrease in the Q-T interval of 
a mean increase in the systolic index (K in figure) o ). pc 
difference between the mean of the .systolic ^ dividod 

level, and the mean of this index calculated at .- , e , 
by the standard error of this difference, gave a \a ue o . • 
terpreted to mean that the difference between the true mcau.s • 

liable and probably greater than zero. , 

The average pulse rale deeimscd slighlly at 
,vith vliat it teas at 17,500 leet (Fig. 1). It "'.11 also he note. 

•Elevation at Ranclolpli Ficltl. 7.'>2 feet. 
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there tvns a sharp dcoreaso al Ihc indse rale and an ino™'*' “f 
as aompared ta the cantra, 'vl-> ^ 

20 000 feet These did not relimi to normat even afki laiidi i„ -sn'lt 
toMtyS minutes later. However, in hath inslauecs the sysla he . ilea 
returned approximately to normal. Adequate explanalion.s far Ilie.s, 
plienomena are at present lacking. 

The individual records revealed that only one -subioct showed no 
change in the systolic index, while sixteen showed an increase. P h e 
greatest increase in this measiireinent at 20,000 feel, as compared ^YIth 
its value at ground level, Avas 0.045. 

To summarize, in flight up to 20,000 feet, the Q-T interval does not. 
decrease in proportion to the increa.se in heart rale, with a consetjuont 
increase in the ratio: .systole divided by tlio .sfjnarc root, oi the cacU 
length. 

Exncrimml II 


We Avished to knoAV Avhethev electrical systole Avonld change during 
flight if the pulse rate remained the .same, or aiiproximatcly the same. 
These conditions aa'ci'c created in sixteen normal subjcct.s aa’Iio Avere sloAvly 
floAAm up to 15,000 feet in approximately one and onc-halC hour.s, and 
maintained at that altitude for Iaa’o hours. On ascent, the average 
pulse rate and the average Q-T inlcrA’al remained pi’aclically constant. 
As the IcA'el AA’as maintained at 15,000 feet, the pulse rate of the groiif) 
gradually decreased and the length of electrical .systole gradually in- 
creased, but the systolic index Avas unchanged. This ex]>crinienl is not 
strictlj' comparable Avith the first, principally because of the lower 
altitude attained, but it does indicate tbat, uj) to 15,000 feet, provided 
there is no important change in juihse rate, the systolic index Avill remain 
constant. 

Experiment III 


The experiments Avere repeated Avilh n modified rehrcatlier designed by 
Major N, W. White, in Avhich the utilized oxygon Avas replaced by nitio- 


gen, and the carbon dioxide alxsorbod. In fourteen subjects, the four 
leads AA'cre recorded and measured as belore, and tlie oxygen saturation of 
the ear blood ascertained liy memAS of the photocell oximeter of IMillikan.'*’- 
The same statistical constant.s wore calculated, and the results Averc 
plotted as shoAvn in Fig. 2. The Q-T inlei-A-al, Avhen the oxygen saturation 
of the ear blood Avas betAveen 80 per cent, and 77 per cent , Avas reduced 7.G 
per cent, as compared to the control value. The ]nilsc rale was increased 
20.9 per cent; the systolic index Avas increased 4.5 per cent- and the 
fourth variable Avhich could bo ascertained, namely, the re.spivntorv 
wlume m hters per minute, corrected for dry gas at 0° C. and 760 mm. 
was increased 45 per cent. Compared to the altitude experiments', 

mlr '''' ^'Sbt, but the systolic index 

increased. In this instance, the increase was not statistically significant. 



percentage: change 



Fig. 2 



Fig. 3. 
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Birpcrmcnt IV 

In the previous exporimout the oxy-on saturntion of the hioo.l was 
reduced to a level hchvcen 80 per cent and 77 per cent, wh.eh is emu- 
parable to an altitude of approximately 35.000 to Ui.OOO ieet. In aunt he,- 
group of eight subjects, the oxygen saturation was reduced O .:> P<u 
Lt (approximate, calculated altitude, 21,280 feel) wlule lead IM' 
was being recorded. The results ai-c siiown in 1‘Mg. 2. 'I’he data on ox\- 
gen saturation arc grouped rather gro.ssly beeau.se a gj-ealer accuracy 
for the method of Jlillikan, o.specially at the lower salui-atimis. is not 
claimed. The results bore out liiose obtained in lligbt and ui the pi'C- 
vious rebi'catliing experiment in which tour leads were recorded. Phi! 
average heart rate was inci-ca.sod -14.8 per cent ; the average Q-J' inter- 
val was reduced 0.0 per cent; and the average systolic index iucreji.scd 
by a statistical!}’ .significant S.7 per cent. The resjiiratory volume, also 
measured in this instance, and cori-ccted for dry aii' at 0° (.•, and ,00 
mm. Hg, showed an incrca.se of 117 per cent. 

The change in thc.se variables was g, -eater tluin dui-ing High,. Tiie 
speed witli which anoxia wa.s induced was a]>])arently the important 
reason for this difl'crcnce. By rebreathing, an oxygen .satui-ation of 
65 per cent was attained in less than twenty-five minutes. 


Experiment 1' 


In all of the experiments doscrihed thus far. different normal .sub- 
jects were ased. For the jnu-po.s-e of controlling Ibi.s- variable, nine of 
the normal sulijects, who had been ]n-cviously stiulicd on the rebreather 
with the four leads, were taken on a tiiglit. to 20,000 feet in a],j,i-oximatel\- 
one and one-half to two hows. The rc.sul1.s in this group were iu-(-cise!y 
the same as those obtained witii tiie .seventeen normal .siibjeels in Kx- 
pei-iment 1. 

Experiment VI 


The effect of an increase in the juil.se rate on the .systolic index wa.s 
studied in normal subjects on the ground. In order to increase the 
pulse rate, the use of drugs such a.s atropine and the nitriles was con- 
sidered, but it was felt tliat their side action.s made them uiidesii-able 
for the purpo.ses of this experiment, .ludgiug from the literature, the 
results of exercise on the .sy.stolic index have been variable and eonfiis- 
ing. Bazett® calculated the .systolic index in tlio electrocardiograms of 
three subjects wlio had been cxerci.sod by I^ewis and (Jot ton In (wo (he 
^mediate change after exercise was a decrease, with a snliseq'uont 
increase as the subject rested. Barkei-, Shrader, and Konzoni" did 
an exerci.se test on four suhject.s, whieli consisted of ruiiuing un and 
down staii-s until shortness of bveuth and fatigue wore pronounced. 
Tins exerci.se was sufficient to reduce the pH and the carbon dioxide 
combining power of the blood, and to increase the lactic acid oonton ‘ , 
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Table II 


The Efeect of Eapiditv of the Pulse Rate Ixduced by Exeucise on- tiu- 

Index in* Tex Normal Subjects 


SVSTOUC 


subject 

BESTING 

IMMEDIATELY AFTER 
EXERCISE 

TWO MINUTES Ami! 
EXERCLSE 

Q-T 

RATE 


Q-T 

R.VTE 

Q-T 

ViTr 

Q-T 

rate 

Q-T 

V'lvp 

P-1 

F-2 1 

P-,3 

P-4 

P-5 

P-6 

P-7 

P-S 

P-9 

F-10 

0.40 

0.32 1 

0.36 

0.36 

0.35 

0.37 

0.37 

0.32 

0.36 

0.36 

62 

104 

SI 

66 

75 

5S 

OS 

78 

SI 

75 

0.40S 

0.421 • 

0.419 

0.377 

0.391 

0.362 

0.394 

0.364 

0.419 

0.403 

0.32 
0.2S 
0.32 
0.30 1 
' 0.28 
0.32 
0.28 
0.30 
0.32 
0.32 

90 
121 
100 

95 

93 

85 

111 

91 
100 

95 

0.391 

0.37S 

0.413 

0.378 

0.348 

0.380 

0.3S1 

0.369 

0.413 

0.403 

0.42 

0.30 

0.36 

0.34 

0.34 

0.38 

0.34 

0.32 

0.34 

0.36 

52 

112 

70 

80 

SO 

01 

79 

75 
j 81 

81 

■uwaW 

Means 

0.357 

74.S 


0.304 

98.1 

0.3854 

0.350 

77.1 

0.3920 

Percentage deviation from control | 

-14.8 



-2.0 


-1.0 


ui 

0 
z 
< 

1 

u 


UJ 

o 

z 

bl 

u 

tc. 

UI 

0. 


32 

24 

16 

8 

0 

- 8 

- 16 


- 24 


RESTING 

IMMEDIATELY 

AFTER 

EXERCISE 

2 MINUTES 
AFTER 
EXERCISE 

/ 

/ 

/ 



! \ 
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! 
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HEART 
\ RATE 
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\ 

1 1 
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y 

^'O-T 

- 

means of 

NORMAL S 
LEAD H 

1 

10 

UBJECTS 


rif;. I. 


all four the systolic index was slightly increased iniincdiatcly alter exer- 
cise, and continued to bo inci'oased foi’ an inisjK’cificd ])criod after the 
exercise liad been completed. Our intention was not to induce acidosis 
by exercise, but simply to jiroduec an increase in tlie ]>ulse rate. I'oi 
this ijurpose, an exercise test, which consisted of hopping ai)j)ro.xiiiiaieb 
one inch from the floor on one fool a hundred times in forty to fitt.' 
seconds, was done. With the subject recumbent, Ijoad If oi the electio 
cardiogram was recorded as a control immediately after exercise, /na! 
again two minutes later. From the results .shown in Table II and I'ig- ■ 
it is clear that the average systolic index was immediately decreased, 
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and retnrncd almost to not-mol two miuutos after the "--f ” 
completed. Of the indiwdiial records, three showed a si ghtlj iicieasccl 
index immediately after exercise; one was the same as the control, and 
the remaining six showed considerable decreases. Two minutes aftei 
exercise, four of the records showed a systolic index somewhat a love 
the control value; the remaining six showed indices below the control 

value. 

mSHTIKSTON 


During anoxia, some change, probably chemical, is taking place in 
the muscle of the heart, and this opposes the shortening of the electrical 
recovery process that ordinarily occurs when the heart rate is inci eased. 
It is Imown that one of the ions in the blood serum which has a consider- 
able effect on the duration of electrical systole is calcium. Any reduc- 
tion of this circulating ion will result in a prolongation of the Q-T 
interval.^"’ Since ventilation increases greatlj’- during anoxia, it is 
possible that the ionized calcium is reduced by hyperventilation. This 
theory becomes more attractive when it is recalled that the low T waves 
during anoxia^’ are similar to those which occur Avith alkalosis.® Data 
on the serum calcium at high altitudes are, hoAvever, conflicting. 
GoraleAvski“ demonstrated slight decreases in blood calcium when 
oxygen deficiency Avas induced at normal atmospheric pressures. 
McFarland,^® Avith a similar technique, found little change, either in 
normal or neurotie subjects, Avhen an altitude of 18,000 feet Avas simu- 
lated. A eonclusioii on the importance of calcium does not seem possible 
Avithout further investigation. 

In Experiment I (Table I) the aA'erage systolic index of the seAmnteen 
men before flight Avas 0.3676. In only one instance Avas it greater than 
0.392, AAhieh Avas the maximum ohsei'A'ed by Bazett in fifteen normal 
men. In Experiment IV (Table II) the average systolic index of the 
ten men before exercise Avas 0.3958, and in six if Avas more than 0.392. 
The only difference in procedure in the tAvo experiments Avas the posture 
of the subjects. In the former they Avere sitting ; in the latter they Avere 
recumbent. 


Cheer and Lfl® found that a change in posture made a difference i 
the value of K. In seventy-fi\m recumbent men the average value av; 
0.3741, and, in thirty-four other sitting men, it Avas 0.3698. This di 
ference was not statistically significant. In Experiment III contn 
e ectiocavdiosi-ams were recorded on six subjccls in both position 
tthen they wore sitting, the average index was 0.S880, and whe 

hey rrere reenmbent it was 0.3826. In two of the six it was shorter j 
the sitting posture. 


The effect of different postures seems insuffieieut to explain the 
erepaney hetiveen Experiments I and VI. A more probable explanat 
IS inaccuracy of the time marker. A stroboscopic check 
indicated that it was probably operating incorrectly during Experim 
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I. Although this makes the absolute measurements in this experimont 
unreliable, the relative changes are valid. 

Systolic indices in excess of 0.392 have often 1)eon noted in normal 
male subjects by one of us (C. E. K.). Tlie straight line rcgre.s,sion 
formula calculated' by Adams’^ from his data on normal subjects ))er- 
sistently gave a longer dination for Q-T than similar formulae Mlculated 
from the data of Cheer and Li’« and of Eridericia.’-' Tiarseu and 
Slculason’= have confirmed the validity of Adams’ formula. The dis- 
crepancy between these two groups of investigations also seems to he 
attributable to failure of the earlier workers to cheek the timina nieeli- 
anism of their recording instruments.'^’ 

COICCLU.SIOX.S 

1. During anoxic anoxia induced by rebreathing or by flight into 
high altitudes, the ratio of the length of electrical systole to the square 
root of the e 3 ’’cle length is increased. 

2. This increase occurs onlj- when the pulse rate is increased, which 
means that it is the result principall.v of shortening of the cycle length 
without the expected shortening of the dui-ation of .s.vstole. 

3. With ex;ereise of moderate amount, with the subject on the ground, 
the systolic index is, on the average, shorter immediately after exercise. 

4. The conclusion reached is that anoxia opposes in some way those 
factors wdiich, under normal conditions of oxygen tension, cause a dc- 
crease in length of electrical s.Ystole as the ej'cle length shortens. 
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A STUDY OF THE ANALEPTIC VALUE OF CERTAIN DRUGS 
IN THE TREATMENT OF QUINIDINE DEPRESSION 

S. A. IVeismax, M.D. 

Mixxeapolis, Mixx, 

pATIENTS Avlio Jiave been taking- qiiinidine have occasionally died 
suddenly without apparent cause. Even post-mortem examination 
often shows no cause for such deaths. Death may have been the result 
of auricular and ventricular standstill, or of vascular or respiratory 
collapse. 

It is loiown that quinidine, when given to dogs inti’avenously in 
large doses, causes a marked fall in blood pressure and a slo-alng of 
respiration. The blood pressure may continue to fall; the respiration 
maj’- become verj’- slow and finally cease. The heart, however, may con- 
tinue to beat for several minutes after respiration ceases (Fig. 1). This 
confirms the obseiumtions of Barker and Levine^® and of Gordon, Matton, 
and Levine.^' 

The present study records data on the relative values of ten drugs ' 
which are used experimentally as analeptics in varying states of cardio- 
vascular and respiratory depression caused by quinidine. . 

The drugs -were divided into two groups for compaiison as to their 
analeptic value. In Group I were coramine, picrotoxin, metrazol, and 
caffeine sodium benzoate. In Group II were benzedrine, paredrinol, 
paredrine, epinephrine, ephedrine, and neosjuiephrin. 

Dogs were anestlietized with pentobarbital sodium, which Avas given 
intraperitoneally in doses of 35 mg. per kilogram of body Aveight. 
Quinidine Avas then administered intraAmnously in doses of Amrying size; 
25 mg. per kilogram and less Avere considered small doses, and more than 
25 mg. per kilogram Avas considered lai’ge. We found that 45 mg. of 
quinidine per kilogram aa^s a sublethal dose. 

From the Department of Medicine and the Department of Pharmacologj , Uni'er 
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GROUP I 

Corarnine 

(pyridine betacarbonic acid diethylamide, 25 per cent solution) 

Killian ■ and Barlow® report that corarnine will overcome light nar- 
cosis caused in rabbits by paraldehyde and avertin. Maloney and 
Tatum^ found corarnine rather effective in counteracting the respiratory 
depressive effects of urethane, chloral hydrate, avertin, and ether, but 
it had little antidotal action against the barbiturates. Mousel* and 
Essex® found corarnine without value in treating severe depression 
caused by pentothal sodium anesthesia in dogs, eats, and rabbits. Clin- 
ically, Wood® reports definite respiratory benefits from the use of 
corarnine in patients ivith mai*ked depressive effects caused bj’- avertin 
or surgical shock. He states that the toxicity of corarnine is low, that it 
can be given intravenously in large doses, and that the dose can be re- 
peated. 

Table I gives the results of fourteen of our experiments in which 
corarnine was given as an antidote after small, sublethal doses of quin- 
idine had been given. We found that doses of 0.2 to 0.25 of corarnine 
per kilogram -were most effective. Smaller doses were ineffective and 
larger doses proved toxic. 

Maloney," working with cats, found that amounts up to 150 mg. of 
corarnine per kilogram had no demonstrable effect on animals that pre- 
viously had been given 200 mg, of barbital per kilogram. Larger doses 
of corarnine delajmd recovery from the poisoning effects of barbital. 

Bimistein and Kovenstine® found amounts less than 5 c.c. only slightly 
effective or entirely ineffective in human beings who were under the 
effects of anesthetics or hypnotics, and advocated 5 c.c. doses, repeated, 
if needed, at fivp- to ten-minute intervals until 25 c.c. had been given. 
The intravenous route was most effective. 

It will be noted that in our experiments the blood pressure always 
fell immediately after the administration of corarnine; this was also 
shoA\’n by Maloney and Tatum^ and by Mousel and Essex.® The blood 
pressure would tend to return to the previous level in about one minute 
or more. Sometimes the blood pressure would rise slightly above the 
previous level (Fig. 2). 

Stoland and Ginsberg,® worldng with heart-lung preparations and 
Avith intact dogs, found that corarnine caused a fall in blood pressure 
and an increase in coronary flow. 

In twm of our experiments, Avhen corarnine was given after a sub- 
lethal dose of quinidine had been administered, the blood pressure con- 
tinued to fall and the animals died.' When smaller doses of quinidme 
had been administered, causing a fall of blood pressure not below 80 mm. 
Hg, corarnine stimulated the respiratory center,^ as was manifested y 
an increase in depth and rate of respiration (Fig. 2). When ar£,e 
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subletlial doses of quinidine had been given, causing a marked fall in 
blood pressure and a slowing of respiration, corainine sometimes added 
to the depression and proved fatal. Whitehead and Draper^o found 
that corainine almost doubled the mortality from an overdose of chloro 
form in dogs. Peters and Visscher,” using a heart-lung preparation 
found that coramine produces, instead, dilatation of the heart, with 
decreased output and efficiency. 


C)LL^vvu\\x\C l>er I'llo 


r/r 




o 



Fig. 2. — Effect of coramine on the blood pressure. 


One must bear in mind that investigations made under conditions 
which differ in even a very slight degree may in all probability produce 
results that are not in complete harmony. 

Picrotoxin 

(a substance found in poison fish berries, Cocculus mdiciis) 

Maloney, et al.,*^’ experimenting with rabbits and dogs, found that 
picrotoxin, although it stimulated the respiratory mechanism, was defi- 
nitely effective as an antidote in acute poisoning caused by the longei- 
and shorter-acting barbiturates. 

Eice and Isenberger"* found that the drug shortened the duration of 
the respiratory paralysis produced in dogs by intraeisternal injections 
of sodium amytal. Marshall, Walzl, and LeMessuier"® found that it was 
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efeective in dogs and cats against overdosage with ehlorbutanol, paralde- 
hyde, or avertin fluid,” and that it usually stimulated respiration in 
anesthetized animals in nonconvulsive doses. In a study of several 
analeptics, Barlow^ found it most effective in improving the respiration 
and circulation in rabbits, and in shortening the usual stages of re- 
covery caused by sublethal doses of pentobarbital, chloral hydrate, and 
tribromethanol (avertin). ’ 

Mousel and Essex® found picrotoxin without value in treating the 
depression caused by minimal lethal doses of pentothal sodium in dogs. 

The results of our studies with this drug are shown in Table II. It 
will be observed that very little analeptic effect was obtained by using 
this drug after the administration of quinidine. However, when only 
small doses of quinidine had been used, the administration of picrotoxin 
did have a slight respiratory stimulating effect. There was no appreci- 
able vascular effect. 

Metrazol 

(pentam ethylene tetrazol) 

Barlow® found that, in rabbits, metrazol was an effective analeptic 
against sublethal and lethal doses of pentobarbital, chlorhydrate, and 
tribromethanol (avertin). He also found that its antidotal effect was in 
inverse proportion to the depth of the narcosis. No beneficial analeptic 
effects were obtained by Maloney and Tatum^ by giving metrazol to rab- 
bits with barbiturate depression. Peters and Visseher®® found that 
metrazol produced very little effect on the heart-lung preparation. 
Barker and Levine^® found that, in cats, cardiozol (metrazol) had little 
beneficial effect on the cardiovascular and respiratory depression caused 
by large doses of quinidine. Larger doses seemed to kill the animal 
promptly. 

Table III shows the results of our study. Three dogs were given very 
small doses of quinidine, and three were given sublethal doses before the 
administration of metrazol. In only one case was there a rise in blood 
pressure, and this dog had received intravenously only 8.6 mg. of quin- 
idine per kilogram, with a fall in blood pressure from 140 to only 120. 
In all other cases the blood pressure either fell or did not change. Res- 
pirations, however, seemed definitely improved. 

Caffeine Sodium Benzoate 

Gordon, Matton, and Levine,®^ experimenting with eats, found caf- 
feine sodium benzoate very effective in counteracting the depressive 
effects on respiration caused by large doses of quinidine. They found 
that about 5 mg. of caffeine sodium benzoate per kilogram, administered 
about the time when cessation of respiration seemed to be imminent, 
helped the return to normal breathing, but they found artificial respira- 
tion even more effective. However, caffeine sodium benzoate and arti- 
ficial respiration together were more effective than either alone. 
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Table shows the results of experiments on seven dogs. Six of 
tliese dogs received 5 mg. of caffeine sodium benzoate per kilogram, and 
one leceived 10 mg. per kilogram. The experiments showed that this 
drug was a very good respiratory stimulant and a slight cardiovascu- 
lar stimulant when dogs had received only small doses of quinidine. 
However, as the dose of quinidine reached the sublethal and lethal 
quantity, which is 45 mg. or more per kilogram, caffeine proved to have 
only a slight beneficial effect on respiration. It acted better, however, 
than eoramine and picrotoxin. 

Summary of Group 1 Drugs 

The drugs in this group as a -whole had little beneficial effect as circu- 
latory stimulants. They proved, ho-nmver, to have some value as respira- 
tory stimulants, especially after small doses of quinidine had been 
given. The order of effectiveness was as follows: metrazol, caffeine 
sodium benzoate, eoramine, pieroto.xin. 


GROUP II 


This group includes paredrinol, benzedrine, paredrine, epinephrine, 
ephedrine, and neosjmephrin. 

The characteristic action of this group of closely related chemical 
compounds (Fig. 3) is to increase the bipod pressure. All of them are 
sjunpathomimetic drags whose characteristic pharmacologic effects are 
similar to those produced by stimulation of the sympathetic nervous 
system. In order to discover what effect and relative value this group 
of drugs has as analeptics in marked cardiovascular and respiratory de- 
pression caused by toxic and sublethal doses of quinidine, we performed 
the follo-smng experiment. 


H H H 
y^^C— C— CH 
/ I H 


HNH 


\/ 


Benzedrine 

OH 

./^,OH 




CH(OH)CH,N<^ 
Epineplirine 


,CHj 


H H H 
yK~G — C — CH 
I H 


HNH 




Paredrine 


nOH 


I I 

Y - ' 

CH(OH)GHjN<^ 

Neosyneplirin 

Pigr. s. 


CH, 

H 


H H H 
y\r — C — C — CH 
^ H I H 
NH 

■v A > 

\/ HGH 

OH H 
Paredrinol 


CH(OH)CHN<^ 

ci 

Ephedrine 


.CH, 

■H 


Dogs were anesthetized with pentothal sodium as in the previous 
-xperiments. Quinidine was given mtravenoiisly in sma 
loses. Tables V through X give the results of these stu i . 
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After small closes of quiiilcline had hecn given, llierc was a marked 
rise in blood pressure after the adininistralion of all those drugs. Ihe 
rise in blood pressure was not so marked when the dose had been latgc. 
The exceptions were nco.syncphrin and epino])Iirine. Oceasinnallj the 
blood pressure rise was greater after the administration of these drugs 
in the animals that had jirevionsly received large doses of (juinidine. 
Tainter and Stockton'® found that after they had cocainized eats by theii- 
method, the response to a given dose of epinephrine was increased from 
32 per cent in the control to 59 per cent. 

The degree of rise in blood i)ressuro, llie time re(|uii-ed for the blood 
pressure to roach its maximum, and the length of time the blood pres- 
sure remained elevated varied with each of these drugs. 

Pared riuol 

Paredrinol is the American trade Jiame for racemic {uiraliydroxy- 
alpha-A-dimetliyl-phcnctliylaminc, maj'ketcal in Europe under the name 
“Veritol.” It is an isomer of ephedviue.. Much has been written in the. 
foreign literature on cxi^crimental and clinical studies of tiii.s drug. 
Colombi,'*' in summing up the I'hiropcan litei-aturo on llm beneficial 
effects of this compound on the circulation, .slates that they result from 
the following: (1) increased tone of the myoear<lium, (2) general 
arterial constriction, and (3) splanchnic const riel ion. 



// ^ ////«.. 


v.f 30 



Fi?. ^.-EfTect of p.-iredrlnol after aubletlm! ,lo..e of qulniainc. 
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almost epineplirine-like response. The maximum rise in blood pressure 
was reached in about one and one-half minutes, compared with over eight 
minutes with paredrinol, three minutes with paredrine, and four minutes 
with ephedrine. 

Paredrine 

Alles'® showed that paredrine had about twice the pressor eifect of 
benzedrine in dogs under the effects of barbital anesthesia. Lehman, 
Rinkel and klyerson^^ found paredrine more effective than benzedrine 
in raising the blood pressure of patients. Nathanson^'* reported a study 
on the comparative action of paredrine, ephedrine, and epinephrine on 
cardiac standstill induced liy pressure on the carotid sinus. He found 
paredrine at least twice as effective as ephedrine. He also found that 
paredrine, although its action was less intense than that of epinephrine, 
was superior because of its prolonged effect. 

In our studies, paredrine was definitely more effective than paredrinol 
and benzedrine. The rise in blood pressure witli paredrine was twice 
that of the rise with the otlier two drugs after the dog was mider the 
effect of large doses of quinidine (Table VII, Fig. 6). The group as 
a whole caused a slowing of the pulse rate. Respiration was not af- 
fected by paredrine. The effect of paredrine on the blood pressure 
lasted about an hour. 

Ephedrine 

The average rise in blood pressure after giving ephedrine to dogs 
that had previously received small doses of quinidine was 24.4 mm. 
This is less than one-half the blood pressure rise obtained by giving 
paredrine under similar conditions. Abbott and Henry-® found that 
ephedrine was about half as potent as paredrine when given orally. 

The average rise in blood pressure after giving ephedrine to dogs 
that had previously received large doses of quinidine was about 15 mm. 
Four of the ten dogs in this series died shortly after the administration 
of ephedrine. It seems that ephedrine was of little analeptic value 
after sublethal doses of quinidine, especially when the blood pressure 
fell after large doses of quinidine to about 28 mm. or less. The average 
rise in blood pressure caused by ephedrine in this group was about half 
the blood pressure rise from paredrine after sublethal doses of quinidine 
had been given. Of the drugs in this group, , ephedrine caused the least 
rise in blood pressure (Fig. 7). 

Epinephrine 

Table IX gives the results of our study with epinephrine. There 
was a definite rise in blood pressure after this drug was given to dogs 
that previously had received small and sublethal doses of quinidine. 
The doses of epinephrine were from 0.001 c.e. per kilogram (the amount 
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used as a control) to 0.01 per kilogram. For comparing the analeptic 
value with that of the other drugs, we chose the experiments in which 
a dose of 0.005 per kilogram was used, or occasionally smaller amounts. 
In two of our earlier experiments — ^Dogs 2 and 3 — in which sublethal 
doses of quinidine had been given, we gave large doses of ephedrine, i.e., 
0.06 per kilogram. 



-1 >1 

Ep/i 


ledrme 





7 .- 


-Effect Of ephedrine after sublethal dose of quinidine. 


greater than in the case of any of the othf T' 
of neosjmephrin. However, wlmn doses t T'’ 
gram were used, it appeared that epirph 
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ogs that previously had received 
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small doses of quinidine was 46.8 mm. and 44.0 mm. in dogs that had 

been given sublethal doses of qninidinc. , . i- „ 

The maximum effect was fastest with epinephrine. The height of the 
blood pressure was reached, on the average, in fifty-three seconds ni 
dogs that had previously received small doses of quinidinc, and a little 
faster (forty-one seconds) in dogs that had received sublethal doses o 

quinidine (Table XI). 

N eosynej)hrin 


Neosynephrin hydrochloride is a levo-alpha-hydroxy-beta-incthjl- 
amino-3-hydroxy-ethyl benzene hydrochloride. It is very closely le- 
lated structurally to epinephrine. 

The administration of this substance caused a greater rise in blood 
pressure than any of the others in this sympathomimetic group, both 
after the animals had previously been given small doses of quinidinc and 


after they had received large doses (Table X). The next mast cftectivc 
drug was epinephrine, although epinephrine was about half as effective 
as neosjmephrin when given to dogs that previously had received small 
or large doses of quinidine (Fig. 9). 

Quinidine may affect the pressor response of these two drugs, Tainler 
and Stockton'® injected ergotamiuc intravenously into cals, in an aver- 
age dose of 0.7 mg. per kilogram, which was enough to jiaralyze the 
sympathetic vasocon.strictors. The average control (a 48 per cent rise 
in blood pressure after epinephrine) was reversed to a fall of 21 per 
cent. The average control rise of 55 per cent after Icvo-mcta-synephrin 
was decreased to an average rise of 21 ])er cent, but was not. I'cvcrscd. 
Ajazzi and Graubner^® report that in the isolated rabbit’s heart the 
paral 5 "zing effect of quinidine on the heart is completely su])presscd by 
neosynephrin, and particularly by epinephrine. Quinidinc has the same 
inhibiting action against nco.synephrin which makes these drugs mutu- 
ally antagonistic. 


In a few experiments, in which lai’ger doses of neosyncjdirin and 
epinephrine wex'e used, the difference in response between these two 
drugs was not so pronounced; hoAvcver, neosynephrin caused a definitely 
greater pressor response. Tlie prcs.sor effect of neosynephrin lasted 
about fifteen minutes, Avhereas the pressor effect of epinephrine lasted 
less than half that time. In tliis study we did not observe the consist ent 
sloAving of the heart rate reported by Johnson,^' Keys and Violanlc"®- =» 
Bittrich,®® and Lorhan and Oliverio.®' Tlie maximum rise in blood 
pressure from neosynephrin in our experiments Avas reached on the 
average, in fifty-eight seconds after small doses of quinidine had pre- 
viously been given, and fifty-five seconds after sublethal doses of 
quinidine had previously been given. Epinephrine acted a little faster 
i.e., fifty-three seconds after small doses of quinidine and fortv nno 
seconds after sublethal doses of quinidine. ^ ^ 
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TAiii.r. XI 



AV. IN' ria'ssi’ia; 

AjTia: 


SMAI.I. istsi: 
on.vuiiNi: 

! !.A!;i;(; iKisi; 

I qfiN'nn.‘.-f 

Ui'ii/cHirino 

•10 mm. -12 

(.•iv.'j -!(t 

:»( 

;:s 

1 K mill. 

I LNi 

t . 

i ** 

! “n 

! 

1 

I’aroilriiiol 

■i'J mm. .'a* 

-ill 

r''j 

i !'■> )!;m. I‘> 

1 (> 

j S 

( 1 !'* 

} 

i 

\ 

I’amiritii- 

I'-i mm. To 

f.’iv.'i 70 

•«» 

\ T’;'..T mm. JO 

( as 

j JS 

1 ‘Jo 


a.T.S mm. -i'j 
(tlV.) Oil 

I.s 

-0 

.To 

L'li 

IT 

"* 

10 

-I ! 

! IT..T min. i<t 

i IIO.I ){ 

i ti 

I Os 

1 *' 

tlm-! 

i Hi.-! 

! t'i-t 

t «* 

1 

Xoo>yiH'JiIi- 

Him. 7 s 1 

! Si mil,. 3 <m 5 

rin 

1:0 j 
loo ; 
]]o ■; 

((•' i 

1 

sa \ 
s.s j 

' I.'n.i 110 i 
US i 
ns = 

7 »’. ; 

■’s ; 

. . 1 

1 

bpinr'phriiu' 

■i’i.S mm. as 1 
(itv.) 

ao 

inn 

a.s 

71 

l.T 

r.s 

.10 

r,:i 

n mm. 1(1 

Hiv.,) 71 ■ 

l‘(i j 

-s ! 

.1 ) 

.'•n 

70 


AV. 


l'!f ?*»?; y 
i;! 

5 ''" ^ 

yi 'rU'' ! 


r! f 

<.y-v 


yi: 


!':.r 
( f»v, 


Ct'.) 


Ctit, 1 


“ *ur 


JS’' 


;♦ 

1 -. li' 

*t*i ft" 

J'.-.t* 

I'(-r 

.'■< I ■ 

JS-;!’" 

J-.M- 

os:..’ 

)■!!>- 

fiV:o" 

I’liir 

O’t'.u" 

n 

o';;(r 








H'J J ' 

Mo.-, 


}', 1 ' i, '■!' 
■; ) 

< f»i- I 

3 '.,..- 


7 '.. o' 

Ih. » 


ra-t 


f-.o-' 

SAv 


I’.-i' 


o 

r. •>' 

fto' 

fj,; ' 

I* 

o'-s:.- 


2. The oi’dcr of efieffivoncco , r d > 

in liglit qinnidine (IppiTssion iva'< „»'? 11 ""'“ s'imulniil-i 

bcuoalo, CO, amino, «'«li.nn 



270 


AMERICAN HEART JOURNAL 


3 After large doses of quinidine, depression was often aggravated by 
metrazol, coramine, and picrotoxin. 

4. Paredrmol, epliedrine, benzedidne, paredrine, epinephrine, and 
neosjTiephnn showed definite value as eireulatory stimulants, after both 
small and sublethal doses of quinidine (Table XI). 

5. Epiiedrine, epinephrine, and benzedrine also showed definite re- 
spiratory effects. There was some evidence that paredrinol produced 
respiratory stimulation, although very little. 

6. Ephedrine was the least effective in counteracting the circulatory 
depression caused by small or large doses of quinidine. 

(. The effect of benzedrine and paredrinol on the hlood pressure rise 


was verj^ much the same ; however, the time of appearance of the max- 
imum rise in blood pressure after the administration of these drugs was 
definitely much shorter after giving benzedrine. 

8. The effect of neosynephrin lasted twice as long as that of epineph- 


rine. 

9. Paredrine was one of the most valuable pressor substances in this 
group. It was about twice as effective as epiiedrine, benzedrine, or 
paredrinol. Although the blood pressure response was much less after 
its administration, compared to that to epinephrine and neosjmephrin, 
the effect of paredrine lasted much longer. 

10. The most effective pressor substance in this group was neosyneph- 
rin. The blood pressure response was about twice as high, and the effect 
lasted twice as long after giving neosynephrin as after administering 
epinephrine, after both small and large doses of quinidine. 


I wish to express niy sincere appreciation to Dr. A. D. Hirsehfelder for his 
valuable suggestions and cooperation in carrjdng out the experiments described 
in this paper and, also, to Mr. G. Tamcales, for his technical assistance. 
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VENTRICULAR TACHYCARDIA STOPPED ON THE TWBNTY- 
FIRST DAY^ BY GIVING QUINIDINE SULFATE 
INTRAVENOUSLY 

, , ' Report of a Case 

Alfred W. Dubbs, M.D., and David H. Parmet, M.D. 
Allentown, Pa. 

T he following report describes a case of ventricular tachycardia 
Avhich oceui’red in a patient who was subject to attacks of bronchial 
asthma. Tlie tacliycardia followed tlie administration of epinephrine 
in oil, and continued without interruption for twenty-one days. Quini- 
dine sulfate, administered intravenously,^ caused immediate and dra- 
matic cessation of the tachycardia. 


CASE REPORT 

S.B. a wliite man, aged 52, was admitted to the Sacred Heart Hospital com- 
plaining cUiefly of a fluttering sensation in tlie epigastiium. This ^ 

.uddhly uv„ day, p.evioaaly a..d pd,«is«a 

l..d dl-vays edjoyad good hoolU. ..copt rX'atag tteo 

asthma. These attacks, which had appeared iriegAarly for ® 

years, always responded promptly to the administration 

On the evening prior to tlie onset of the above comp ^ instead of pre- 

with an attack of asthma. The family phys cian was called 

scribing the usual dose of ephednne, epineplirine „gieep- and the follow- 

tered parenterally. Tlie asthma subsided; the parent fell a ^ ^ trium, 

ing morning, upon awakening, he noted a fluttering and the chief 

accompanied by a feeling of nausea. His ^ j. minute. Two days 

abnormality was a tachycardia with a rate of ^ stimnlation, and pre- 

later, after there had been no response to sedation, vagal stimnla , 

cordial ice cap, the patient was admitted to the ^om- 

Physical examination upon admission ‘ the' lungs and a tachycardia 

f ortably in bed. A few scattered rides at tbe bas- of the lungs an 

with a rate of 170 beats per minute complained of inability 

pressure was 90/58. Shortly a ter a to continue this procedure 

to void, and dlness' Tlie blood cell counts were normal. The 

throughout the course of the iHness 1 albumin. The blood Wassermann 

urine was negative except for a sbgi ‘ revealed a tachycardia 

reaction was negative. The ^ 

UeYel,"re SU. «.e p^Ue.t began .. b.™ sy»p..«s el 

-i:::;;; .... I.epa«™.t Saoe.d H.ae. HcP....- 

Received for publication Dec. 26, 1940- 
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congestive failure. There were tc.ulor. The right 

of the liver extended below the eostat bitwe the twelfth and twenty- 

.iae of the ehest was tapped on o- oc a r ,,,, ,,„„o,-ed. 

first day of the disea.se, and a total ot 4,oi 

4!' V’®' -'-' 

J ■ ”1*' 



Fig-. 1 . — A and B, Electrocardiograms taken during tlio i)aroxy.sni ot ventricular 
tachycardia. C, Electrocardiogram taken flfteen minutes after cesfation of tlic lacliy- 
cardia. 

Digitalis was started on the tenth day, and a suflicient quantity was given to 
cause complete digitalization, but there was no effect on the Iicart rate or congc.s- 
tive signs and symptoms. Eserine sulfate was started at the same time, 'in l.-I gr. 
doses three times a day, and stopped after a day's trial because of nausea and 
vomiting. On the twelfth day aminopliyllin in .'O/i gr. doses was given intrave- 
nously every four hours, and oxygen by nasal catheter was started. The former 
had no effect upon any of the patient’s s.vmptoms, and was discontinued. The 
oxygen was given througiiout the remainder of the iihiess. On the fmirteentii day 
0.25 mg. of mechol 3 d was given .subcutaneousl.v. This was immodiatoly followed 
a pneralized flu.sh, sweating, a sen.se of tightness in the chest, and nausea and 
vomiting. We realized tliat nieehol.vl is used primarily to control llic auricular 
type of tachycardia, but felt that a trial was warranted. It had no effect upon 
the cardiac rate in this ease. On the seventeenth dny quinine dihydrochloride (.5 
grains in 25 c.c. of normal saline) -was administered intravenoush- witli no change 
On the eigliteenth day 2 c.c. of a 50 per cent solution of magnesium sulfate wore' 

fZthTavrfT'i electrocardiogram (Pig. ID) on the nine- 

Thl tl- V "-e® essentially the same as the previous tracing, 

tal -f 4 t l^ecame weaker and a state of shock supervened. His inen- 

attitude changed from one of cooperation to marked apalliy and despondency 
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rood ^ as refused and death was welcomed. The signs of congestive failure in- 
creased. There were cyanosis, orthopnea, recurring effusion in the right pleural 
sac, coarse rfiles at the base of the left lung, and a tender liver edge 4 finger- 
breadths below the costal margin. The abdomen was moderately distended, and 
the urinary retention persisted. 



On the twenty-first daj', when liope for the patient’s recovery was practieall} 
exhausted, 15 grains of quinidine sulfate, dissolved in 90 c.c. of sterile distilled 
water, were administered intravenously. Prior to this the apex rate was 148 per 
minute and the blood pressure was 92/80. Half of the above solution had entere 
the vein when the rate suddenly fell to 68 per minute and the blood pressure ros 
to 106/74. The change in the patient was just as spectacular. He immediate y 
became alert and expressed an interest in what was happening. His general state 
changed from one of extreme apathy to one of relative brightness. There was 
moderate amount of nausea and vomiting immediately after the drug was given, 
but this rapidly subsided. His recoverj' from this point was continuous, uneven - 
ful, and apparently complete. An electrocardiogram (Fig. 1C) which was taken 
fifteen minutes after the rate change showed nodal rhythm and a ventricular ra e 
of 80. The patient continued to take 5 grains of quinidine sulfate by mouth three 
times a day for one week after the cessation of the tachycardia. 


DISCUSSION 

The authors felt that reporting this case Avas ^[stifiah^e if only to 
bring to the attention of the reader, not a neAV method ' of treatment 
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for ventricular tachycardia, b\it one that they feel is oo 1 . 

referred to as a measure of last resort. In this case it v as uiu on i ec . 
life saving, and, had it been used sooner, there is no reason to liclieve 

that the results would not have been the same. ^ ^ ^ 

Prior to the intravenous admini.stration of quinidiiic sullalc 1 he drug 
had been given in large doses by month Avith no efTect. In addilion. 
there Avas no response tohuinerous other preparations Avliich haAC been 
suggested as means of controlling this form of tachycai dia. 

AVith the report Ave present a series of electrocardiograms (Figs. I 
and 2) Avhich Avere taken during the course of the tachycardia and 
after it ceased. The tracing immediately after ce.ssation of the tachy- 
cardia (Fig. 1C) is of particular interest because of the conduction 
and T-AvaA'e changes. The rhythm (Fig. 1C) after the disappearance 
of tachycardia AA’as nodal. This rapidly changed to normal sinus rhythm 
(Fig. 2A). The T-avoa'c changes in Leads II and III (Fig. 1C) appar- 
ently Avere not the result of a recent myocardial accident, for the 
change from marked irn’crsion to a more normal form (Fig. 2A, Ji, and 
C) AA'as quite rapid. In addition, the rapid clinical improvement after 
cessation of the tachycardia Avould seem to be additional evidence that 
this is so. The change in the rhythm and inversion of the T Avaves 
of this character very likely reflect extreme myocardial fatigue and 
exhaustion, resulting from the long-continued tachycardia. AIcAlillan 
and Bellet® observed similar T-Avave changes in the electrocardiogram 
of a 16-year-old girl after a paroxysm of ventricular tachycardia. They 
Avere of the opinion that the heart in their case Avns undamaged. The 
flattened T AvaA^es in Lead I (Fig, 2A, Ji, and C), togethor Avith an 
occasional ventricular extra.systole, suggest some myocardial abnormality 
in our case, and this may have been a factor in initiating the tachveardia. 


CONCLUSION 

A case of ventricular tachycardia Avhich Avas stopped on the tAventy- 
first day of the paroxysm by the administration of quinidine sulfaie 
intravenou.sly is reported. 

Electrocardiogi'ams taken during the tachycardia and afterward. 
shoAving interesting conduction and T-Avave changes, are included. 
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Selected Abstracts 


Caeiro, A.; Velocity of Propagation of the Different Waves of the Venous Pulse. 

Eev. argent, de cardiol. 8; 329, 1941. 

Velocity of propagation of the different waves of the venous pulse were 
measured in the dog with an efficient method. In general their propagation is 
much slower than those of the arterial pulse. The averages vary between 0.85 and 
4.69 per second, the different accidents of the venous pulse having different velocities 
of propagation. 

The beginning of the v wave, being a stagnation phenomenon, propagates very 
slowly (0.85 m. per second). The apex of the v wave which is purely a pressure 
variation propagates much more rapidly (3.86 m. per second). The beginning apex 
and end of a and tlic end of v which represent a mixture of pressure and volume 
variations have a medium velocity of propagation (1.39, 1.4, and 1.24 m. per second, 
respectively). Of tlie accidents of the venous pulse which are not properly of 
venous origin, the second sound is tlie more rapidly propagated due to its proper 
physical characteristic (4.69 m. per second). The c wave has a velocity of propaga- 
tion which statistically can be considered as equal to tliat of the mixed waves a rea y 

mentioned (1.68 m. per second), ' AtTmuoR 


Hahn, p.; Does the Heart Work as a Pressure Pump or as a Hydraulic Bam? 
Cardiologia 5: 308, 1941. 

The author discusses Havlicek’s theory comparing the heart to a hydraulic ram 
and gives his reasons for being unable to accept that theory. ^uthok. 


Sigler, L. H.: The Hyperactive ^ardioinh W 

in the Diagnosis of Coronary Disease. Its Value Compa 
Electrocardiogram. IS^ew England J. Med. 226. , 

A comparative sM, it preee.led of «,e m»dence .f 
carotid-sinus reflex and of electrocardio^p ,,^^1 gj 3 per cent of tlie 

cases, mostly ambulatory, of coronary 1 • - cardloinliibitory response, 

males and 72.6 of the females in tin. s .wed abLnmll.i.. 

rvherens only 63 per cent of the males and ™ ” „sp.».c, nhich are 

in the oleetroeardiostam. High „f a.c males, and 42.9 pet cent of the 

definitely abnormal, occurred m 61.8 p occurred in only 37.4' per cent 

females. Marked electrocardiographic abnormalities ocenrrea 

of the males and in 40 per cent of the females. ,,,.„Hd.smus reflex may be 

It is believed that the hyperactive persons of the coronary age 

used as an aid in the diagnosis of coronaiT d seas P 
who present suspicious complaints. As such, it is often 


276 



SELECTED ABSTRACTS 


277 


end .vill .ugs^.t th. corr.etno.. .1 tl,. aU. 8 ,.o,-,. .'I.o «.c 

electrocardiogram may be entirely misleading. Poroinrv disease is, 

The explanation for the frequency of the hyperactive refic. • . 

,t pmenl .tat» of taowkdgo, purely ti.eorotic.l. It may !» 
i„ ,1,0 Lart, lower. ,1.0 rosi.,a«« in tlm ragal ^agl..„. and 
junctions, or ivhicli produces some chemical changes that sensiti/e the . gu. 

locally. Aittiiok. 


De Soldati, L., Cahanne, E. A., and Introzzi, A. S.: Determination of Blood F ow 

of the Fingers by the Plethysmographic Method. Rev. argent, de eardiol. 8: 

383, 1942. 

The blood flow through the fingers was recorded by the pletliysmogrnphic 
method in normal subjects and tlie influence of diverse stimuli nas studied. 

Immersion of both legs in cold water (15° C.) produced after a few minutes, fust 
a decrease and then an increase in the blood flow which continued until after 
twent)’ minutes it reached the double of its initial value. Simultaneously a slight, 
increase of the buccal temperature and a slight decrease of the cutaneous temperature 
occurred. 

Immersion of both legs in hot water (45° C.) produced a definite increase of the 
blood flow’, the maximum being attained after twentj’ minutes. Simultaneousl 3 ’ the 
buccal temperature decreased and the cutaneous temperature increased. In the 
height of the vasodilatation thus obtained a deep inspiration was followed bj' a 
marked reduction of the blood flow. A loud noise produced the same effect. 

Even in basal conditions the plethj’smographie method shows that the blood flow 
to the lingers may be very different from one person to the other. But in the same 
subject, in different occasions, it is fairlj' uniform, thus justifying its use for the 
studj' of the peripheral circulation. 

AuTirons. 


Semisch, C. W. lU, and Merves, L.: Electrocardiographic Studies on Artificially 
Produced Pulmonary Artery Occlusion in Human Beings. Arch. Int. Med, 69: 
417, 1942. 


An electrocardiographic stud}’ is presented of fourteen cases of acute pulinonarv 
artery occlusion in human beings incident to partial or complete unilateral 
pneumonectomy. 


The significant changes in the electrocardiographic pattern produced by acute 
pulmonary artery occlusion in this study are: (1) shift of the electrical axis to the 
right, 71.4 per cent; (2) development of a deep S wave in Lead I, 50 per cent, and 
(3) staircase ascent of the ES-T segment in Lead II, 28.C per cent. The.se changes 
tend to appear immediately after the occlusion and to disappear within twenty-four 
hours, but not constantly so. 

The nature of the changes observed arc such as to lend support to the belief 
that electrocardiographic changes associated with pulmonary embolism are produced 
by strain placed on the right ventricle. 

Proper use and interpretation of electrocardiograms, bearing in mind their limita- 
tions, ipay be of help in differentiating pulmonary embolism at its onset from clin- 
ically similar diseases. 


fooo’ t a- Electrocardiographic Record 

01 ^,000 R. C. A. F. Aircrew. Canad. M. A. J. 46: 226, 1942. 
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been presented. It is fully appreciated that the value of electrecardiojrrani, • 
diagnosing cardiac conditions is limited. However, the numbers of rLrfs show 
mg axis deviation, abnormalities of the T wave in Leads I and II anJ 
occurrence of prolonged P-E and QES intervals indicate the value of Such "eeord- 
aifLw dutLs.”' careful inve.stigation before selection for 


Authors. 


Olmell, V. E. P.; 
Tachycardia. 


Some Types of Electrocardiograms, Their Eelation to Paroxysmal 
Cardiologia 5: 321, 1941. 


Some types of electrocardiograms (with abnormalities between the P and the 
R wave) have been described and, further, tlieir relation to paroxysmal tachycardia 
and to the Wolff-ParkinsonAVhite (<'WPW>’) sjmdrome has been discussed. 

Type ^.—Gradual rise of the initial part of the QES complex in one lead. 
‘ ' Conduction-tinie ' ^ subnormal. 

Type B. Gradual rise of the intermediate part between the P wave and the 
ventricular complex in one lead. 

Author. 


Segall, H. N., and Goldbloom, A.; Atrio-Ventricular Nodal Paroxysmal Tachy- 
cardia in an Infant Treated With Acetyl Beta Methylcholine. Canad. M. A. J. 
46: 233, 1942. 

Atrioventricular paro.xysmal tachj'cardia in an infant, aged 1 month, was 
treated with acetyl beta methylcholine. The first dose, 5 mg., administered during 
the second hour of the attack failed to restore normal rhjdhm but caused changes 
in amplitude of QES and depression of S-T interval. The last dose, 8 mg., produced 
bradycardia (rate 20 to 56) by slowing abnormal rhythm for about five minutes, 
then normal rhythm was restored, but there were no changes in QES and T waves. 
Adrenalin seems to be preferable to atropine in controlling the disagreeable systemic 
effects of acetyl beta methylcholine. 

Authors. 


Kennedy, J, A., and Clark, S, L,: Observations on the Physiological Reactions of 

the Ductus Arteriosus. Am. J. Physiol. 136: 140, 1942. 

The authors have established that the ductus arteriosus is a structure which 
can actively close in response to certain stimuli. It responds to local mechanical 
stimulation much the same as certain other hollow muscular structures by contract- 
ing. The authors do not believe that local mechanical stimulation has an essential 
role in its closure under physiologic conditions. Neither does a neurologic mecha- 
nism appear essential to closure following artificial inflation of the lungs. Their 
findings are at variance with those of Barcroft, Kennedy, and Mason (1938) 
with respect to the reaction of the ductus following stimulation of the vagus nerve, 
but they believe that the present observations have been adequately controlled. 

Of the stimuli causing closure of the ductus which the authors have explored, 
it seems likely that under physiologic conditions breathing is the most miportant 
The actual filling of the lungs by just any gas is not sufiicient. From their experi- 
ments it appears that oxygen is a necessary component of the gas mixture since 
inflation of the lungs with pure nitrogen will not cause closure. Oxygen by 
also cause closure without the necessity of accompanying inflation of t le 
quite possible that many of all of the unexplained closures (see sec. ^ J® “ 

to an increased oxygenation of the fetal blood in response to 
struggling of the mother or fetus, hemorrhage, etc. There are other po i 
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of stinmhition whicli the authors have not yet explored fully, such ns various imturnl 
humoral substances, carbon dioxide, drugs, etc. 

Such an influence as that of oxygon on the ductus may have something in eoiii- 
mon with the findings of Figgo (19.S4), who demonstrated a definite elTecI on the 
metamorphosis of the aortic arches and gills in larval forms of the salamander by 
variations in oxygen tension of their environment. 

If this seemingly important relationship of oxygen to the mechanism of closure 
of the ductus is true, it offers a practical indication for treatment of newborn in- 
fants, especially those which have difliculty in the oxygenation of thi'ir blood. 


Castilla, C. B., and Aguirre, E. S.: Congenital Cardiac Block With Stokes- Adams 
S^drome With Crises of Paroxysmal Ventricular Tachycardia and Terminal 
Fibrillation. Bcv. argent, dc cardiol. 8: .I-JO, lO-ll. 

A case is de.seribed of congenital auriculoventricular block with svncoiml at- 
tacks in a boy two and one-half years old. The electrocardiogn.phie stiidv showed 
that syncopal attacks were due to paro.xysmnl crises of pretibrillation ventricidar 
tachycardia. The boy died of ventricular fibrillation. 

Actiioii.s. 

°°°Eenltal SiniLs Tachyc.irdia. Acta med. .‘tcandinav. 108: 

The author gives an account of four cases of permanent sinus tachveardin in two 
g«us of a family in which this abnormality seems to occur as' a,: tn;nt!:; 

Autiioi:. 

Associated wrSL^^S^pTa^LfeT't™ .rir;!!?' 

vaitii:r:ti:osSis s"; n 

permanent cyanok ventricular dominance, and extreme 

The question arises whether ilii« „ 

sjTidrome, or whether this is a freak c.a.«e. '' '■'uigeiiital 

•VuTiion. 

ho«di«c. 

t:;;;.’?'' 

quentlj associated with infarcts of the viscera SO ‘ 
tins complication. In coronary arterv di^e-ii Tth 

60 per cent of the cases had one or nio;e infa cL infarction, about 

extrenut.es and/or intestines. Coronary arterv r " ''‘'’"'‘-'•-S '■I'iee.. 

and Hieumatic heart disease were abou't '"-'■"'•“’•‘ii"! infarction’ 

showing one or more infarcts. The incidence’ of "'v <'n.'^es 
eyplul.tic heart disease was about 40 Lr I , >>.vperte..sive heart and 

nion in cor pulmonale. eonijilicnf ion 

The lungs were involved by infarct ' 

in 17 per cent, the spleen in 11 7 “f 771 cases th . 1-- 1 

intestines in 1.7 per cent *^*^"*’ cxtreinitios in u q , ' ' '"iney 

examinations tC h , . •"f»^nti‘>n of the brain .r;- 

endocarditTihid 'eVf oce d n '‘V’" 

( ney ,0 per cent; and spleen 00.7 per cent). ^ •‘^nimcuto bacterial 
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• / ! Perc^tage of cases with one organ infarcted was 27.1; ivith two organs 
infarcted, lo.5; and with tliree or more, 5.3. The highest incidence of infarction of 
multiple viscera was in subacute bacterial endocarditis, 66.C per cent of the cases 
having two or more organs infarcted. 

Authors. 


Kutumbiah, P.: Bheumatism in Childhood and Adolescence. Indian J Pediat 8' 

65, 203, 221, 1941. ’ ' ’ 

Tlie urgency and gravity of the rlieumatic problem as if exists in India as yet to 
be realized by the medical profession and the public at large. Juvenile rheumatism 
ranks with syphilis, lepros}-, and tuberculosis as one of the major problems of 
national health. In the past four decades much has been done to relieve the suffer- 
ings of the victims of leprosy and tuberculosis, bj' nation wide propaganda and organ- 
ization. There is a great need for the institution of an active sustained crusade 
against rheumatic infection following the general principles similar to those success- 
fullj’ being employed against tuberculosis and leprosj\ There is at present in 
existence a nucleus of an organization for controlling rheumatic infection. There are 
scattered about in the presidency various child welfare centers; in towns and cities 
there is medical inspection of schools, and in big cities we have adequately equipped 
and staffed hospitals for the treatment of the diseases of the throat and heart. Most 
of the work of these existing institutions is inco-ordinated. Mdiat is urgently re- 
quired is to co-ordinate the activities of the existing institutions so that the organized 
supervision of children both at home and at schbol may be successfully acliieved. 

Apthoe. 


McDermott, W., Tompsett, R, E., and Webster, B.: Syphilitic Aortic Insufficiency; 

The Asymptomatic Phase, Am. J. M. Sc. 203: 202, 1942. . 

Aortic insufficiency due to is present in a clinically recognizable form 

for a relatively lengthy period of time (two to ten years) before the development of 
symptoms. 

The asjTnptomatic form of aortic valvular syphilis is encountered in approximately 
one-half of the patients with valvular syphilis. 

Present-day prognostic data, based as they are on the course following the onset 
of symptoms of failure, are inapplicable to this large group of patients with cardio- 
vascular sj’pliilis. 

There are no available data on the ultimate length of this asymptomatic phase, 
but it appears from a study of our cases thus far that it can be measured in terms 
of years rather than months. 

Authors. 


Pasqualini, E. Q., Lascalea, M. C., and Matera, E. F.: Syphilic Aortic Valvulitis 
and Subacute Bacterial Endocarditis. Eev. argent, de cardiol. 8: 392, 1942. 

A case with necropsy is described of subacute bacterial endocarditis, super- 
imposed on a syphilitic aortitis and valvuHtis. Eecent studies have shown that this 
is not a rare association as was formerly thought. 

\ ^rrmTT/VT? C* 


Is=nlour, 0. E., Kuder. K.. aid OTl, I. V.: He Effecl of 

Blood Bressute add on the Incidence of Hypertension. Am. X M. Sc. 203. 333, 

1942. 

No demonstrable difference can be noted in the incidence ef l.ypettensicn and 
the average Wood pressure levels of parous aud mulliparons icomen. 

It seems liiely that the hjporteuslo. and ‘iro' ^t , e 

occur following a large portion of the -teemias of pregnaacy” are not the 
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endowed with the tendency toward Jiyportonaivo disease. 




McLennan, C. E., 
Pressure on the 
Blood Pressure 


McLennan, M. T., and Landis, E. M.; The Effect of External 
Vascular Volume of the Foreann and Its Eolation to Capillary 
and Venous Pressure. .1. Clin. Investifialion 21; .'tl!*, IS'l'-’. 


The pressure plethysniogrnph was used to determine the effect of graded ex- 
ternal pressure on the vascular volninc of the forearm, for tiie purpose of de- 
termining the usefulness of this procedure in estimating the blood jiressure in tlie 
minute vessels collcctivel}’. 

With c.xternal pressures ranging from 0 to 90 mm. llg, pressure-volume curves 
wore determined in twenty normal subjects (a) by suddenly arresting (he eirculatioii 
to the forearm and measuring decrease in volume during the ensuing mild hyperemia. 
The term “d\-namic vascular volume was used to indicate tliat the volume of blood 
in actual movement was being measured under the.'-e conditions. 

In the normal forearm “dynamic vascular volumes’’ were greatest when external 
pressure was between 15 and .15 mm. Ilg, becoming less at extermil pressures above 
<and below this range. 

To record the relation between “dynamic vascular volume’’ and e.xternal pre.ssurc 
in the form of a single numerical value, an objective molliod of analyzing (he pres- 
sure-volume curves was adopted. The .single value (lius obtained was termed 
and was defined as “that external jirossuro at which tlie vis :i (ergo of tlii' eireiilation 
is able to keep open the greatest collective dynamic vascular volume.” 

Pmvc detennined in the forearms of twenty normal subjects with the forearm 
segement at licart level and at C. was 27, 21 and 21 mm. Hg by Methods 1, IT. 
and III respectively. Eoasoiis arc given for regarding Melliods I and II as the most 
useful. In the normal subject the results liy all three metliods had roughly the same 
order of magnitude as average capillary blood jiressure wlien determined directly. 

This similarity between and directly determined capillary blood jiressure 

held also when tlic latter was reduced by elevating tlie forearm or increased bv known 
venous congestion and by depressing the foreann below lieart level. 

With duo precaution against assuming ton quickly the quantitntive validity of 
any indirect method of measuring infr.ava.«ciilar pressure, if is suggested tlial the 
plethysmographic method may be useful in studying tlio volume of blond am] (bo 
pressure in the minute vessels of the forearm in clinical conditions. 


Ai;tj[ou.s. 


Plaxman, Nathan: Hypertensive Heart Disease of 10 to 20 Years’ Duration; 
Eeport of 11 Cases. Ann. Internal Jfed. 15: 821, 19!]. 

Eleven cases of hypertensive heart disease in patients who lived ten to twentv 
years (average 1.3.7 years) after the onset of the first cardiac s.^•mptom.s are re- 
ported. They were of all ages from 25 to 70 yoar.s and had various'cardiac rhvtiimic 
and conduction disturbances, neither factor apparently intluoncing tlie longevity. 

Autjioi:. 

Eichards D. W., Jr., Coumand, A., Darling, E. C.. Gillespie, W. H., and Baldwin 
Und^^-^^ I’ressure of Blood In the Eight Auricle in Animals and in Man- 
S? ToS "“'I Right Heart Failure. Am. J. Phv.siol. isG: 

In the study of venous pressures in one chimpanzee and a .scries of does H » 
development of right heart failure associated with acute ,, ii mom.rv M ' 

ae.o„pa.i<,4 „.t p, pr":;,™*” Z 
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by a disappearance of the normal pressure gradient between peripheral veins ami 

”eti, -ev.ri™“2 

In nine human subjects with apparently normal circulations, right auricular 
pressure was recorded directly by means of right heart catheterfzation. The 
average gradient from arm to heart was +41 mm. of water. In six subjects ab- 
solute pressure levels at the right auricle were determined by locating the position of 

tie catheter by lateral x-ray; the average right auricular pressure (subjects supine) 
was +37 mm. j n / 

Tliree patients in congestive heart failure, with liigli periplieral venous pressures, 
showed decrease in periplieral-central pressure gradients, the pressures in arm vein 
and in right auricle being almost identical. 

Authors. 


Hardy, A. G., and Denham, H. E. H.: Popliteal Aneurysm. Eeport of a Bilateral 

Case Treated by Bilateral Excision. Guy’s Hosp. Rep. 90: 244, 1941. 

A case of bilateral popliteal aneurysm is described. Methods of investigating 
the condition of the aneurysm and, more particularly the collateral circulation of the 
limb, are discussed. 

On one side spontaneous thrombosis had occurred with intensification of symptoms. 
Excision of the aneurysm under local anesthesia was followed by uneventful re 
covery, presumably due to establishment of an adequate collateral circulation. Ex- 
cision of the aneurysm on the opposite side was followed by threatened gangrene 
which was only narrowly averted. 

The various forms of alternative operations are discussed and the arguments 
in favor of the modern treatment by e.xcision of the aneurysm are put forward. 

We have been unable to find a report in the literature of any other case of success- 
ful bilateral resection of a popliteal aneurysm. 

Authors. 


Keen, J, A.: The Collateral Venous Circulation in a Case of Thrombosis of the 
Inferior Vena Cava, and Its Embryological Interpretation. Brit. J. Surg. 29: 
105, 1941. 

A rare ca.se of thrombosis of the inferior vena cava with fibrous tissue forma- 
tion and calcification is described, together with x-ray findings and accounts of 
the microscopic sections of the thrombosed vessel and of the kidney showing 
the perinephric venous circulation. The collateral circulation which became estab- 
lished in the posterior abdominal wall is traced and illustrated. The literature on 
the development of the inferior vena cava is review'ed, and this is followed bj an 
embryologic explanation of the collateral circulation on the basis of a simplified 
ground plan. 

Author. 

Price, P. B,, Sloan, H. E., Jr., and LaRochelle, P. T.: A Study of Mechanical 
Pactors in the Circulation, With Special Reference to the Problem of Acute 
Circulatory Pailure. Bull. Johns Hopkins Hosp. 52: 26, 1942. 

Many features of the normal blood circulation have been reproduced in a 
mechanical circulation model, and certain changes which chamcterize acute cirejd^ 
tory failure have been studied experimentally in the mac nne an m 
behavior of the machine under controlled conditions provides a num er JS 
clues to the complex problem of hemodynamics. The general -P-- " 
the authors is tLt the living circulation is influenced by mechanical factors 

degree not generally appreciated heretofore. iiressure reservoirs 

The mechanical circulation is essentially a series of f ^ 

in dynamic equilibrium. When this balance is upset by external factors, the mach 
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tends automaticnlly to establish a new oquilibriiiin by "’'’’f' 

fluid between the dilVerent vascular eompurtmonts. It is sutiKi-.M ‘d 

analogous conditions similar adjustments take place in the animal. 

On tiie basis of this study the following .statements are believed to ONjiress general 
principles in hemodvnamics: blood jire.ssure has a delinite relatioiisliip In the 
elasticity and distension of the vascular sy.stem; ehange.s in peripheral resistance 
tend to’ have opposite cfTects upon arterial pressure and cardiac oulpiit; elTeefs of 
postural changes upon regional and general blood flow depend upon the degree of 
dilatation or collapse of blood vessels produced by the variations in hydrostatic 
pressure, as well as upon the efliciency of venous valves and the pumping action of 
respiration and other muscular movements; peripheral resistance varies with velocity 
of flow, viscosity of blood, tind size of blood channels. 

The view that acute circulatory failure, such as occurs in shock, may be iliic 
to a disparity between blood volume and vascular capacity is criticized. 

The concept of a minimum effective blood voliiiiie is introduced, and reasons are 
suggested why comparable persons vary so greatly in blood volume, in .«iisce|ilibility 
to blood loss, and in response to blood transfusion. 


A f 


McIntosh, B.: Circulatory railurc in Acute Glomcntloncphrltl.s. Caniid. M. A. .1. 

46: 44.0, 1942. 

One of the clinical features of acute gloineriilonephrilis, namely, the aecoiii[iriiiy- 
ing picture of circulatory failure, is discussed. Although its presence is in no .sense 
difficult to recognize when the symptoms and signs are well marked, the fretpiem-y of 
its occurrence in relatively mild degree 1ms only recently come to be aiiprecinted, and 
the question is fairly raised whether it is always given due weight in the evaluation 
of a given clinical situation. Because of its imiiorl.-ince in determining the outcome 
in some of the cases of acute ncjihrifis which i)rove fatal early in the atttick, the 
nece.ssity of sparing the heart any unwarranted burden shovild be borne in mind in 
all cases — even the mildest ones. 

.AfTiioi;. 


Ane, J. N., and Burch, George E.: Effects of Koontgen Irradiation Upon Linear 
Bate of Flow in Cutaneous Lymphatics of Humans. I’roe. Soe. E.vjier. Biol A 
Med. 48; 471, 1941. 

Data obtained from seven human beings imlicnlcd that small doses of roentgen 
irradiation (220-450 r) to the skin are not likely to disturb the line.ar flow of Ivmpli 
m the cutaneous lymphatics, while largo do.«cs suflicient to ])roduce a first degree 
skvn reaction probably will reduce tlio rate of lymi)h flow. 

AVTiioas. 


^r!'t Artery and Its Branches With 

Thorotrast. Bull. .Tobiis Hopkins Ho.sp. 52: 81, 1942. 

Autiiou. 

“Tt’. mt'' An,vy usMm. C,«y; 



284 


AMKRiaVN HEART JOURNAL 


tive approach is discussed and the posterolateral incision recommended: an anterior 
approach does'not give room enough to make the necessary ihanipulations with full 
freedom and safety. 

Infiltration of the liilum with local anestlietic is advised' in order to diminish 
harmful stimuli and to facilitate dissection. A description of the operation in the 
two sides is given; the e.xposure on the left side is mucli easier tlian on the right. 

The exposure of tlie rigJit pulmonary artery is made much easier by recognition 
of a constant triangular facial fold passing from behind the lowest part of tlie 
superior vena cava across tlie front of the right pulmonary artery. This fold can be 
dhided with impunity. Its dmsion both frees the vena cava for retraction medially 
and exposes the stem of the riglit pulmonary artery. This triangular bloodless fold 
has not been described or deputed before. 

Mention is made of direct estimation of tlie pulmonary blood pressure in man. 
Direct estimation before and after ligation shows no change in the arterial pressure 
demonstrating that compensation is immediate and that simple back pressure on the 
heart is not the cause of deatli or grave illness in pulmonary embolism. This is an 
original observation in man. 


The effects of ligature of the riglit or left pulmonary artery without removal of 
the lung are discussed; sloughing is prevented by the bronchial arteries. 

In the eighteen cases in which pulmonary- artery ligation was performed no direct 
ill effect could be attributed (except for one in which death followed a slipped 
ligature). The tying of the artery produces no observable clinical effect; the pulse 
rate remains unaltered and neither the pulmonary nor the systemic blood pressure 
changes. In the last twelve cases accompanied by pneumonectomy, only two deaths 
occurred and these were both three weeks after operation; in one case. from a lung 
abscess, in the other from pericarditis. The ability of the cardiovascular system 
to accommodate itself rapidly to the profound changes caused. by sudden shutting off 
of one-half of the pulmonary arterial system is thus amply proved. 


Author. 


Wiggers, H. 0., Diischatko, A. M., and Kory, K. C.: The Circulatory Response of 
the Unanesthetized Dog to Small Physiological Quantities of Adrenalin. Am. 
J. Physiol. 136: S7, 1942. 


It appears that the unanesthetized dog will exhibit either an elevation or a de- 
pression of blood pressure in response to small intravenous injections of adrenalin, 
tlie direction depending upon the dose per unit of animal weight. The depressor re 
action, which can be uniformly elicited by 0.1 Mg-/kg. per kilogram quantities, is 
reproducible in the same dog at twenty-minute intervals. Shorter intervals uere not 
investigated. Slightly stronger concentrations of this drug may elicit either pressor 
or depressor effects, the latter being slightly more prevalent. Although the fee ors 
which govern the direction of the response are uot completely understood, it is 
pected that the initial emotional status of the animal is of considerable importa 
The rate of injection does not appear to influence the direction of the respo 

Since the depressor response is characterized by a predominant reduction 
systolic pressure, it becomes increasingly difficult to accept the oc rine 
diminution of systemic peripheral resistance is the precipitant ^ 

more inclined to postulate an initial dilatation of pulmonary vessels a consequent 
reduction of pulmonary arterial resistance and thus a temporarj fiHinff will 

within the lung vessels. Hence, a transient reduction of ^ 

ensue wliieli will be further accentuated by the simultaneous tachycardia. 

It has also been suggested that adrenalin may 
and its immediate large branches. This would also exer i volume of the 

pulse pressure pattern similar to those resulting from a re 
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left ventricle. These' two mechanisms may even act syncrsically in hniiftniK nhoiit 
the adrenalin depression of arteiial blood pressure. Ain'Rou.s. 

aoo«.». A, sal»a, O, Kl»», 0., and fd St,,«l.a o« vaa.dna.a.i.n 

Tests in Peripherjil Vascular Disease. .T. Lab. & Clm. :Mcd. 27. .<8, . 

In the study of the patient who presents himself with .symptoms referable to the 
periphera. arterial all .l»o tens di.aaasad Have a place. The P>«« ” 
is indicated in the results the authors have .summarized in the accompany nv la .. 

Sodium nitrite injected intravenously and the hot water bath are both use u .i. 

preliminary tests for vasospasm. Of the two, the thermal test is better suited to 

patients with vascular involvement when we wi.*;!! to discover the depree o assoem (-• 
vessel spasm. In patients who ffive the clinical impres.sion of nonorj;aiiic vasopa.stic 
involvement the nitrite test is considerably more dependable. It !.« also feasible for 
patients prone to syncope in a hot bath. 

In this clinic a patient whose vasodilatation in response to either of the.M' tests 
reaches normal values is then regarded ns posse.ising normal vascular reserve. Those 
who respond to cither of these tests with subnormal vasodilatation are then tested 
ndth peripheral nerve block. The advantage of this scheme is that in a considerable 
proportion of patients a simple, nonnianipulative procedure serves adequately to re- 
veal the intensity of spasm and the vascular reserve of the limb in question. Xerve 

block is reserved as the test of last appeal for tho.'^e patients in whom either the 

thermal stimulus or the sodium nitrite failed to induce fully normal vasodilatation. 

AUTIIOIt.S. 


Speabnan, C. E.; The Action of Ions on the Mammalian Heart. Am. .1. Physiol. 

136: 332, 1942. 

In the guinea pig right atrium preparation, certain doi>rcssivc or abnormal 
changes, such as a decrease in rate which was usually ^progressive, a dei>rcssion 
of the amplitude of contraction, or arrhythmia, occurred when the concentration 
of the various ions was too ditlercnt from normal. IVithin limits close to normal, 
the most definite positive etfcct was the variation of the amplitude of eoniraefion with 
the Ca ion concentration. There was also .«oine suggestion that increasing the Ca 
ion concentration, caused an increase in the duration of the response, wl»i\o increasing 
the K ion concentration caused a decrease in the duration of the response. 

In the Langendortr preparation of the guinea pig heart, the heart rate was inde- 
pendent of the K ion and Ca ion concentration.s within regions close to normal, but 
was depressed in certain instances where the concentration was too difl'ereni from 
normal. The P-E interval lengthened as the Ca ion eoncentrntion increased, and 
shortened as tlie K ion concentration increa.scd. The Q-T interval was lengthened as 
the Ca ion concentration decreased, hut was not greatly atreclod hy changing the 
,K ion concentration. 

In the acute experiments on dogs, in which the plasma Ca concent nil ion was 
varied, the intraventricular pressure, the P-R interval, ami the lieight of the P wave 
all tended to vary in tlie same sense witli the plasma Ca concentration. The duration 
of response was sliglitly decreased and the heart rate was increased u-hen the idas,,m 
, Q-T ■'Htcrval, the height of the E wave, and the 

ilh the iiliisma 


height of the T wave showed no very definite tendencies to varv wit 


Ca concentration. 


fJlT' """T" ^°e.s in which the plasma K concentration was varied 

the intraventricular pressure and the height of the T wave tended to varv in the s-.me 
.e and the P-R interval in the oppo.site .sense with the plasma K coiicontrnf ion 
he magnitude of the intraventricular pressure changes was small The r 

re,..,. ... ,L p,.™. /...“i!; ™ 'l-'.'r" 
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lioarfc rate, the Q-T interval, the height of tlie P 
showed no definite tendencies to %’arj witli flic 


wave, and tlie height of the 
plasma K concentration. 


B' wave 


Author. 


Zwemer, R. L,, and Arrighi, F. P.: 
the Frog Produced by Chloride 
1941. 


Modification of the Activity of the Heart of 
of Potassium. Rev. argent, de cardiol. 8: 301, 


Toads injected intraperitoneally with a lethal dose (1 c.c. per 100 Gm. weiglit) 
of a 10 per cent solution of potassium chloride and with a nonlethal dose (1 c.c. per 
100 Gm. weight) of a 6 per cent solution, develop important cardiac alterations 
which are permanent in the former and transient in the latter. The following observa- 
tions were made: 

1. The activitj’ of the sinus is depressed and bradj'cardia is observed, 

2. The activation of the myocardium is slow as showm by broadening of P-R 
and B waves. 

3. The excitability of the heart decreases as shown by an increase of rlieo base 
and chronaxie. 

4. Other alterations in the activation of the myocardium manifest themselves by 
variations in the order of activation of the chambers of the heart, irregularities 
of P and B, appearance of an S wave, ventricular fibrillation, electrical alternation, 
bxtrasystolcs, etc. 

5. The recovery phase of each beat is disturbed because T becomes irregular 
diphasic or negative, 

G. These cardiac alterations arc fairly parallel to the general disturbance 
(asthenia, loss of reflexes) and the toads injected with nonlethal dose of potassium 
chloride recover the normal cardiac and general state. 

Authors. 


Flaxman, N.: Clinical Value of Digitalis in Hypertensive Heart Failure. I. "With 

a Normal Rate and a Regular Rhythm. Am, J, M. Sc. 203: 741, 1942. 

The study of ICO cases of hypertensive heart failure ivith a normal rate and a 
regular rhythm is reported. 

The age of the patient and the duration of the symptoms before treatment ivith 
digitalis apparently liad no influence on the outcome. 

Of all the hypertensive patients who develop congestive heart failure, those with 
isolated failure of the left ventricle, a normal heart rate, and a regular rliythm 
have the best prognosis. 

Factors over which digitalis itself had no control, such as uremia, coronary 
thrombosis, and cerebral hemorrhage, caused twenty-twm (64 per cent) of the t lirty 

seven deaths in this series of ICO cases. 

Treatment witli digitali.s may be regarded as most successful m t lese ecom 
pensated hypertensive patients, despite the normal rate and the regu ar r ly 

Author. 


Corrigendum 

In the May, 1942, issue of the Journal, Vol. 23, page 636, the discussion of Dr. 

rilliam S. Collens should have read as follows: T>r Uoas and I 

I should like to congratulate the authors and Wc 

icently conducted the same kind of studies and caine o le ^ modified 

md the apparatus which we devised for intermittent venous 
by at Jliing four cuff.. Thro, eufts m.e MaW »• <». t.me ub.lo 

as deflated in sequence. 



Book Review 


ESSENTIALS OF ELECTROCARDIOGRAPHY: By Eichard Ashman, Pli.E., 

Physiologj', and Edgar Hull, M.D., Professor of Medicine Louisiana State TJ 
versify Medical Center. The Macmillan Company, New York, 1941, ed. 2, 6i6 
pages, 122 illustrations, $5.00. 


Like many other developments in medicine, the practical application of electro- 
cardiography has outrun our knowledge' of some of its fundamental concepts. Every 
student of the subject is tortured by dissatisfaction with his grasp of these func a- 
niental facts. IVorse still, many of us who are lacking in adequate discipline in the 
sciences of mathematics and electricit 3 ' are scarcelj' able to comprehend reports of 
research in electrocardiographj' whose basis implies an understanding of those sci- 
ences. This text represents a unique attempt to express essential researches bearing 
on fundamental electrophysiologic concepts underlying this subject in terms that 
are comprehensible to anj' earnest student. The first seventj’-five pages are devoted 
to this, but, throughout the text, in the consideration of various electrocardiographic 
phenomena, explanations are given which refer the reader to these basic concepts. 
If nothing more than this had been done, it would justifj^ bringing out a second 
edition of this book. However, the discussion of fundamentals would gain in clarity 
and would be more widely comprehended if greater use of diagrams had been made. 

The next section of the book considers the components of the auricular and ven- 
tricular complexes. These are treated in the order of their occurrence, normal char- 
acteristics are described, limits of normal variation indicated, and changes produced 
by disease are stated. Two chapters deal with disturbances of the cardiac mechanism. 

The remainder of the book deals with the electrocardiogram in diseases of the 
heart. This discussion is well organized and is of great practical importance. How- 
ever, some subjects suffer from too brief a treatment. In other instances, more 


electrocardiograms to indicate variations within a given pattern would have been 
desirable for greater clarity. 

The reviewer would take mild exception to such statements as, “The recog- 
nition of early and relativelj' mild changes in the myocardium ma,y be, we believe, 
greatlj- facilitated if the electrocardiographer paj’s more attention to minor devia- 
tions from normal.” This is “heady medicine,” and tends to encourage those who 
make too much of too little in the interpretation of electrocardiograms. Anj’one who 
fathers a book on this subject is chagrined more by those who .see too much in a 
tracing than by those who see too little. More emphasis on the unreliability of the 
electrocardiogram as a means of excluding the possibility of coronary sclerosis or of 
establishing such a diagnosis unless previous acute myocardial infarction had oc- 
curred would have served a useful purpose, in my opinion. 

Despite these minor criticisms this book deserves a wide circulation. It is clearly 
written and generally sound, and will furnish safe guidance for the student and 
practitioner; no one can read its chapters on the fundamental basis of electrocardi- 
ography without a feeling of gratitude to the authors. 


A. B. Barnes. 
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' j ’HE American Heart Association is the only national organization devoted to 
educational work relating to diseases of the heart. Its activities are under 
the control and guidance of a Board of Directors composed of twenty-seven 
eminent physicians who represent every portion of the country. 

A central office is maintained for the coordination and distribution of impor- 
tant information. From it there issues a steady stream of hooks, pamphlets, 
charts, films, lantern slides, and similar educational material concerned with the 
recognition, prevention, or treatment of diseases of the heart, which are now the 
leading cause of death in the United States. The American Heart Journal is 
under the editorial supervision of the Association. 


The Section for the Study of the Peripheral Circulation was organized in 1935 
for the purpose of stimulating interest in investigation of all types of diseases of 
the blood and lymph vessels and of problems concerning the circulation of blood 
and lymph. Any physician or investigator may become a member of the section 
after election to the American Heart Association and payment of dues to that 
organization. 

The income from membership and donations provides the sole financial support 
of the Association. Lack of adequate funds seriously hampers more intensive 
educational activity and the support of important investigative work. ^ 

Annual membership is $5.00. Journal membership at $11.00 includes a yea 
subscription to the American Heart Journal (January-December) and annual 
membership in the Association. The Journal alone is $10.00 per year. 
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Original Communications 

CHANGES IN THE SIZE OP THE HEART IN CHILDREN 
WITH RHEIBIATIC PEl^ER 

John D. Keith, M.D., .vnd Miriam Brick, M.D. 

Toronto, Canada 

DEFERRING to roentgenograms of tlie lieart, W}iite’ points out: 

There are so many factors, for example, ago, size, bnilc), rcainvn 
tions and nervousness, resulting in individual variations witliin lln 
normal that it is at present impossible to recognize them all or at leas' 
to take them into consideration in the establishment of any satisfaetorj 
tables of measurement of normal size. . . . Successive records of hcarl 
size and shape in the same individual are more useful than a siimh 
comparison of this individual case with a table of normal avera^es'^oi 
a set of rules. ” “ 

Oui purpose in this study has been to compare successive roentgeno 
grams, taken at different times on the same patient. In this wav the 
Iiaterl^^ interfeiing factors of a constant type are diminished or kimi 

Onet arefcrt ff in the same patient 

une IS the effect of respiration on the shape of the heart shadow 

the other le that of systole and diastole. The latter is o ^ 

These sources of error obviouslv A i \ 

bnt we believe they have not beL suLtot trinterfl°"'-r7‘'“''''’ 
eral co nclusions which we reached. ^ inteifei e ivith the gen- 


289 




290 


AMERICAN HEART JOURNAL 


Bocmgcnogron,s were taken will, the petient standing and the plate 
1 feet fi-otn the tube. Three standard positions were used : (1) postero 
anterior; (2) left anterior oblitiuc, with the patient at an angle of 60”- 
and (3) right anterior oblique with the patient at an angle of 55° while 
a^ swallow of barium was being administered. The posteroanterior po- 
sition Avas used in all cases; the other two positions were utilized rou- 
tinely at first, but latterly only Avhen they appeai-ed to be indicated in 
more serei'e eases. The left anterior oblique at 50° was chosen because 
of the contention of Wilson- that at thi.s particular angle the shadow 
of the heart just clears the A'ej'tebral column in the normal subject. 


Measurements were obtained from the roentgenograms in the pos- 
teroanterior position (P.A.). The.se included the transverse diameter 
of the heart (T.D.), the internal diameter of the chest (I.D.), and the 
cardiac surface area (C.S.A.), estimated by a Diezten planimeter. The 
body surface area (B.S.A.) Avas obtained by means of a Du Bois chart 
from the height and Aveight. 

These results Avere tabulated for each ease, as shoAvn in Table I. 


Taboe I 


Admitterl G/24/sn. 

Disniis.sed lO/31/.Sf). 

First attack of rlieu- 
niatic fcA’er. 

Mitral systolic 
murmur ivhieh 
disappeared after 
six months. Al- 
lowed up fl/1/39 


D.VTE 

HT. 

AVT. 

(LB.) 

B.S.A. 

T.D. 

I.U. 

m 


NORMAl 

C.S.A. 

(i/29/39 

o' 


1.4 


24.0 

159 

8.7 

77-84 

7/18/39 

5' 


1.4 


22.9 

104 

13.4 

77-84 

8/ .3/39 

o' 


1.4 

11.5 

23.0 

92 

15.1 

77-84 

9/14/39 

5' 


1.4 

11.4 

24.0 

95 

14.G ■ 

77-84 

10/2.V3!) 

o' 

lOG 

1.42 

11.2 

23.2 


14.9 

77-84 

2/1G/40 

il 

117 

1.5 

11.0 

23.9 


18.2 

77-84 


In a preliminary study of the question of change in the size of the 
heart, tAvo particular iioints Avere noted Avith regard to normal hearts 
that appeared to bear on this iirobleni. The first Avas the effect of rest 
in bed on the size of the heart, and the second the effect of heart rate 
on enlargement of the heart. 

Roentgenograms Avere taken of the heai'ts of seAmn surgical patients 
Avho had been in bed for four to six months. The ratio of the trans- 
verse diametei- of the heart to the internal diameter of the chest u) 
these cases Auaried from 40 to 45 per cent, i.e., all were slightly smallei 
than the average standard for their height. However, normal stand- 
ards are difficult to evaluate aud further evidence Avas sought. At tins 
time a patient who had been kept in bed for a year because of a minor 
abnormality in the electrocardiogram was referred to the hospita . 
The heart showed no pathologic abnormalities, and the patient Avas 
allowed up gradually Avith no ill effects. Six months later she was wel 
and active and the heart was normal. Roentgenograms of the i . 
were taken just before she began to get up. after she had been up o 
two months, and after she had been up six months. These a.e shoun 
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ill Fig. lA, B, and C. In Fig. I A the heart is olivioiisly .small. In I^'ig. 
IB it is a little larger, and in Fig. 1C, larger again. But even in Fig. 
1C it is still a little smaller than the average for her height and weight. 
It Avas concluded that her heart was smaller than normal hccaiisc of 
the bed rest for one year. - Since then many other' eases hai’c come to 
our attention, and iidienever prolonged rest in bed has occurred (a 
year or more) the heart appears considerably smaller than normal. 




Jt'igr. lA. 




‘d) tadylfdh m f ?' 

oxysmal tachycavdia over 200 r (3) Hav- 

-.K .. d.., e„.a.a.ae;u fd" d S ^ dX’T “ 
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other cardiac defects (see Fig. 2A). Modpr-itp ^ i 

to produce no change in size even with was found 

per minute. ’ 180 or 200 beats 

An interesting case to compare with the one nf LvoJ t 
of a 12 .year- 0 ld child who spent two years in bed with h ^“1“ '' 
and a tachycardia of 140 beats pc. mtan A r 
There was no evidence of heai^t AA a (^g, 2B). 

heart showed that it was a gre'at deal anTXAthlTonar®'™ 



Fig. IB. 


In a ease of -moderate i^aroxysmal tachycardia reported bj^ Keith 
and Brown,® there was the same lack of effect of tachycardia on the 
size of the heart. An increase in heart rate, even approaching 200 
beats per minute, does not appear to produce enlargement unless it is 
accompanied by some cardiac lesion. 
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kj-mh akd b«.ck: ohaa-gb ia- s® op ®art j; 

When the rate is over 200 rt.a af“S'nerriy aU 

no onlargcment imniecliatc y, mai weeks or 

''’\Maririfsijl rf°Mm■e^.ava beguu to appear. Art ilte- 

toiiLp. r* 

bee., deseriOect in detail in 



Fig. 1C. 


a previous publication.^ The roentgeuogi-ams are 'shown in Fig. ZA, 
B, and C. Tlic importance of this case lies in the fact that the patient 
had rapid dilatation of the heart with no disease of the myocardium, 
and that rapid dilatation may occur within three days and disappear 
in a weete;. '.3'his leads one to wonder whether such rapid dilatation of 
the heart can occur when no disease is present, and then, if the myo- 
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• in severe rheumatic fever, whether the same 

ae.e.op .uu ..... a. a 

considerably slower rate. ascertain how much enlarge- 

With these points m mind we wished to 
ment of the heart takes place during a single ««ack ox 
Zer and how much smaller the heart may beeome as the attack 


subsides. 



Fig. 3A. 

Fig. 3. — J. E., A, Normal heart size ; B, after three days of heart rate over 200 : C, 
after two weeks of heart rate over 200. 


'•? RESULTS 

One hundred patients Avith rheumatic fcA'^er Avere studied roeiitgen- 
ologically during the Amrious stages of a single attack of the disease. 
From tAVo to tArelve roentgenograms Avere taken on each patient, the 
average being four. Ninety-six, of the 100 had either rheumatic myo- 
carditis, endocarditis, or pericarditis, and four had doubtful signs' of 
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heart involvement. The cardiac surface area on admission was com- 
pared with the cardiac surface area when progressive cliange had ceased 
to occur ; that is, the figure set down as representing the alteration in the 
size of the heart refei-s to the greatest change during the attack, regard- 
less of whether the heart was getting larger or smaller. This change in 
size has been set down for each individual case and recorded in chart 
form (Chart 1). , 


DeGOEt 

OF 

CliANOL 
6 q Cm. 


CtiANGE IN 5'iZ£ OF M^AR-T 

Surface Ana ) ^ ^ 100 Rheumatic Patients 

TO 


Ave/^ajfe /nc/^asc m Sixo 
^SSa Cm. 

(£.xUu(/ing PenicBpJitis) 


Averaae Decrease in Size 

Cj 

“ PSa Cm. 

{£.xc/iidin^ Per/cond/Ps) 


•35 LAR.C-'P R 


18 

UNCHANfiUn 




tlliuj|||j||jj' 


0 C. 6 R.C.C. 

Of* 

Change 
5a Cm. 
^Cd/vVac 
Sa/^/^ace Am$)i 


49 S 


malcer 


10 

ro 

so 


CO 

70 

60 

90 

100 

no 

uo 


Chart T. 


.e^ainecl „“a 'a t t'r' T 

indicate. pevicacd'S “t1. SSir^d'ir' -nT"'" 

dnced the greatest chaage n tre 

me size of the heart shadow. Half of 
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the hearts became smaller, and a quarter remained unchanged or be- 
came only slightly larger. The general outlook in a single attack is 
relatively good, therefore, although it must be remembered we Avere 
unable to include patients Avho Avere too ill to be roentgenographed on 
admission to hospital. Leaving out the eases of pericarditis, the aver- 
age inci’ease Avas approximately the same as the average decrease, i.e., 
8 sq. cm. as compared Avith 9 sq. cm. The time required for this change 



FiS. 4A. 

Fis. 4._J. G.. 

to take place Avas about the same in boLi groups, 
as compared Avith 5.2 months. Change m 
rheumatic fever is, therefore, not a sudden, swi pi'oc • 

The folloAving examples Avill illustrate the types and vanatio 

Avere found: 



ia<:rri-i and dkick: ciiancjks in hizk od incAirr 


29!) 


J. G. hiul three attacks of rheumatic fever within the course of a year. Kach 
attack left lier heart notably larger. The third attack produced the greatest de- 
gree of enlargement (Fig- -t-l, 21, and C). It was thought likely that a small 
pericardial effusion was present, although no friction mb was heard, but most ot 
the increase in size was obviously caused by dilatation and hypertro])hy of the 
nn'ocardiuin. This case is given emphasis because it shows what tremendous en- 
largement of the heart may occur in the course of one year. 



Fig. l/J. 



™ (Fie. .«.•) 

border rvas T,‘i «■« 'bo Jef, 

child suffered a relapse sliorllv aff fi O'l;'' of iiiiprovomeirt. 'i'ljo 

•be •b'rd («p. dc, « 7«a7r a :„:r 

this attack. Patient ultimately died in 



300 


AMERICAN HEART 


JOURNAL 


■A-. <iged 12 yeiirs* luid a niild affini- n-p i 
s/31/38 5'2" 88i pounds iqa ' 

12/15/38 5'2" llSlJounL L48 22.3_ 102.5 


22.7 


106.7 



Pig. iC. 


J. W. was admitted to hospital suffering from a moderatelj^ severe attack of 
rlieumatic fever and carditis. The sedimentation rate was elevated for two and 
one-half months. During that time the heart became smaller under treatment, 
but increased again in size when he was allowed to be up (Fig. 6A, B, and C). 
This increase in size when the patient gets out of bed is a common occurrence, 
and shows how sensitive the heart muscle is to any increase in work demanded 
of it. It must be remembered that a normal heart ■null become smaller with rest 
in bed, and will then increase again in size when the patient gets up. Therefore, 
part of the increase in size ■with exercise may be normal. 

L. S. had chorea, coupled "with a moderately severe involvement of the heart. 
On admission the heart was considerably enlarged, and remained so for the first 
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changes in 


SIZE OF HEART 


month in hospital; in' Fig- 7- 'Phis is 

gZ TaTZution ZZ Z of the heart as ^ aone'cxldil.gl' 

:^:r ^as a .... .. i.. 

measurements are within the limits of normal. 



Fig:. 54. 

Fig. 5. — J. G.. A, Enlargement due to rheumatic carditis; B, heart ha.s decreased in 
size in three months ; G, recurrence of infection produced furtlier enlargement, two 
months later. 


J. B., 12 years old, was admitted witli an obvious rheumatic pericarditis. The 
cardiac .shadow was greatly enlarged and showed a rapid decrease in one month 
(Fig;. 8). From our e.xperience, if there is a decrease of 20 sq. cm. in the cardiac 
surface area in one month, one is almost certainly dealing with pericarditis tvith 
effusmn. In this case the improvement continued and the heart shadow' was 
within normal limits in three months. 
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TJie results shown liere indicate a strong ability of the heart muscle 
to return to a normal condition. With this in mind it is interesting to 
compare the I'ecuperative jiower of tlie myocardium rvith that of the 
heart valves. Alterations in the mitral systolic mui-mur were recorded 
during the period of roentgenologic study in three groups; (1) murmurs 
that became louder ,\(2) tlio.se that remained unchanged; and (S) those 
that became fainter. 


Fig. oB. 

The murmm- 'vas louder or unchanged m ^ tjian in 

suggests that the restoration ol a valve is “ 60 l-er 

the case of muscle. Further eridence of tins is the 

m. t B cas£« 
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malic heart disease, and over a period of many months his lioarl became 
much smaller. At the same time the mitral systolic murmur became 
harsher and louder. In recent years ivc have been inclined to over- 
emphasize the muscle damage. We should remember that, because of 
the persistence of the valvular .sear tissue, when the next attack of rheu- 
matic fever occurs an added strain is placed on the redamaged muscle, 
and the prognosis is made that much worse. It is the muscle that finally 
fails, but it is the valve that contributes (.sometimes decisively) to the 
ultimate failure of the muscle. 
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normal growth. (2) Those whose hearts enlarge with rheumatic infec- 
tion, and then remain stationary Avhile the chest and the rest of the body 
catch up ; the result is that the size of the heart may ultimately be 
regarded as normal. (3) Those that .show progressive enlargement of 
the heart beyond the degree anticipated by normal growth. 



Fig. 6A. 


Fig 6. — J. "W., A, Heart at beginning of aHer'being allowed up giadu- 

size kner five and one-half.months m bed : (7, heart size 

ally. This roentgenogram is 2 months laier. 


The balancing factor through their ^ 
the preacnt investigation, which .s “"f v bv It apkars 

the interval is too short to be influenced no a 3 ^ normal heart 

likely that one of the factors winch is ^f.JLd can no 

growth is modified or the stimulus to enlarge- 

longer run and play. In our study, th 
ment was mainly the rheumatic infection. 

Taussig and Goldenberg^ found “ been noted in our 

cardiac enlargement. Many ins an active rheu- 

study. It follows from this, of course, that one may 
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matic infection of the heart without any cardiac enlargement. All who 
had enlargement had accompan 3 dng signs of rheumatic activity. Dr. 
Taussig believes that there is no essential difference between hj'pertrojiii^' 
of the heart in response to the abnormal stimulus of disease and tlie 
normal stimulus of growth. Her observations emphasize in a refresh- 
ing manner the paramount importance of rest to the heart as long as 
any abnormal stimulus is present. It is our belief that if life could lie 
maintained with 10 to 20 heai't heats per minute, the re.sulting re.st 
Avould probably eliminate rheumatic muscle and valvular disease as 
causes of death or crippling. 



Fie. 6S. 


During the course of our investigation the superiority of the roe 

e'Tdtf^hfwt'r' «'^«^^“^-tion frequently made its 

tbn« r 1 ^ ^ roentgenology are not nearly as great 

Will often simulate a change in the size of the heart. It may 
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difficult to evaluate a roentgenogram of the heart when it is close to 
normal, but small changes in size can be much more accurately detected 
radiographically than by physical examination. Furthermore, the 
roentgenogram constitutes a record that can be kept for further refer- 
ence, whereas cardiac size, as estimated by clinical methods-, is difficult ■■ 
to remember and record. 



nttpn revealed pericarditis when the diag- 
In the past, autopsy has often t 

oosis was not made during ' ' , .a,es so that we look to roeiit- 

inore than about 20 per cent o are two ehicf 

genologie examination heart, and (2) the rapid 

points in the diagnosis: (1) the si ap enlarged cardiac shadow 

changes in sire. The ftrst is ^^er bolder, and is usually 

'nr hrr 
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found that if the heart shadotv deereascs .dial 

(20 sq. era.), it is almost invavialily because of abs I ^ , , 

fluid. In this nay a suspicion .®t' . '“I, .fl’es 

heart, on the othei- hand, even null, the most rapid leeoiert, 

longer tlian this. 



Fit;. 7.-1. 

Pig:. 7. — L. S., A, Enlarged lieart due to rlioiimatic cardUi.*;; 7} and C, marked decrea.'tc 
in .size with treatment over a period of tlirco montlis. 


A prolilem that continually made itself evident during this study 
was that of the differential diagno.sis of eai’ditis and valvulitis. We 
have depended on the presence of a heart inurinnr to make a diagnosis 
of myocarditis, as well as endocarditis, but the inurmui- may be caused 
by either or both. An attempt to differentiate these tivo is a refinement 
in diagnosis that should be studied further. The following points were 
set down during- the course of the investigation and are presented with 
the hope of stimulating criticism : 

A. Myocarditis. (1) Enlargement of the heart, i.e., an increase in 
size over a short time, as showm in repeated roentgenograms, or a 
definite increase over normal, (2) An apical systolic murmur, blowing 
in quality, which appears during a rheumatic attack is presumptive 




KKn-n n.Asm -'" -n or 


non 


U is ovuionro . »< ';«■ oor.-vo, of ,l,r r,... 

involveincni »1 the Mil\ • ^ -.tfiicU <»f rlif'nnnni' 



of inyooavdiul discnso. 

’ SJ 

C 

ae 

m 



FiK. S. — J. U., A, ICiiIiirft'-mi'iil <if li.uri uliuilnw ilvli" )<> rh' uiurttic l» r!<MrilUI'' ; }!, 
tliroe «••■(•)!.« inti'r; c', InVin two IuIit nKolti. Itnllootlnj; viry nl>- 

soriillon of tin' (luiil. 


B. Valvular disease. (1) Apieal .syslolie iiturmur, trunsmilteil to 
the axilla, which has lieeii jireseiit Btr four months. 12) A mitral dias- 
tolic imiriiuir. (2) Aortic diastolic murmur which has hccn ju-t'scnt 
for four numths. (4) A soft, lifrlitly tilowiuo systolic murmur at lht‘ 
apex may he due to flilatation, whereas a harsh ajiical sy.slolic murmur 
.suggests valvular damage. 

Table I indicates the imlahlc ability of the size of the heart to return 
toward normal. This de.jiemled Jiiainly on rest in bed. hi general, it 
was related to subsidence of the rheumatic inh'etion. hut enough hearts 
became smaller while, infection persisted to show that this is not con- 
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Fig. SB. 




mi 
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tinually so. Many cases in.prcssctl us ,„onl}is, 

have been caused by dilatalion oi tbc bcavt. 



Fif?. 


OA. 


Pig-, 5. — R. A., A, 11, and C sliow a .steady Oocriji.sc in lioarl alze In iliwnnallc 
carditis. At tlio same time llie mitral systolic mnnmir became .steadily louder nnd 
better transmitted. 


However, the term dilatation .should lie used in rheumatic heart 
disease with caution and a true iicns-jicctive, because a rapid ehan<rc 
in the size of the heart over a few day.s does not a])i)car to occur except 
on rare occasions. It is possible that an overwhelming, rapidly fatal 
rheumatic infection may cause more oltvious acute dilattition than was 
shown in this groitp, but we could not make roentgenogriims in such 
cases. The patient (J. E.) wiili paroxysmal tachycardia, with a rate 
of 240 beats per minute, showed that a marked dilatation can occur in 
three days. However, such instances are few and far between, and 
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indicates that regardless of i ^ enlargement. Table I 

smaller, it usually takes three to five montlm for^f 

tion to become apparent "Wlipn fli 1 + • onsiderable altera- 

!-ubsiding, the^ui^ir : b: " 

infection continues and the patient is not mu t! i f !i 
largement of the heart may ^^e looked foi! " 



Fig:. SB. 


SUMAIARY 

1. It is very difficult to ascertain degrees of change in the size of the 
heart by physical examination alone. Eoentgenologic examination gives 
more accurate data. 

2. Acute dilatation, with a dramatic change in the size of the heart, 
does not seem to occur (except under rare circumstances). 

3. A moderate, initial increase in the size of the heart can take place 
within two or three weeks, but enlargement appears to occur slowly at 
any stage of the disease. 
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4, A ftirly ««..« srcat”"'"^ 

-»■ "" """" 

change in this interval IS not gi eat. 

6 When change in size in one month is mou. than 
cardiac surface area, pericarditis is prohahly present. 



Flp. 9C. 


7. The prognosis is obviously better, on the ivliole, if Jiearl is getting 
smaller, rather than larger. 

8. The heart muscle .shows greater rccupei'alivc iiowers than the heart 
valves. Improvement is more .sti-iking in the muscle than in the valve. 

9. Roentgenologic examination aids in diiTerentiating between myo- 
cardial and valvular disease, 

30. In most eases the progre.ss of a patient can he esiimaled better by 
.studying the size of his heart than by studying the murmur. 

11. Bradycardia is more likely to produce cardiac enlargement than 
tachycardia (certain cases of paroxysmal tachycardia excepted). 
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12. Continued rest in bed reduces the size of the heart ’\\lien no disease 
is present. 
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LUTEMBACHBR’S SYNDROME AND A NEW CONCJvP 1 01’ J 
DYNAiMICS OF INTERATRIAL SEPTAL DI'jI' I'jCI 


^r. II. unu:v, :m.d.^ 
jMilwaukee, Wis. 


LUTKMHACIIER ’S SYKOKOME 


T he coexistence of an inlcralrial .septal defoci ainl roitral stenosis is 
not frequently encountered. Martincau,’ in 18G5, reported the first, 
ease. In 1916, one year after :Maudc Abbott rcjiorted a case,'- Lutein- 
baclier^ sunnnarized the reiiorls available u]! to that time, oftered a con- 


cept of the probable genesis of these lesions, and discu.sscd the effect uiion 
cardiodynainies. The presence of both int.erauricular septal defect and 
mitral stenosis has consequently been designated as Lutcinbacbcr s 
syndrome. The paucity of case reports in the earlier medical litera- 
ture can be appreciated by the fact that when itlcGinn and Wliitc^ 
reviewed the subject in 1933, and added a case of their own, the total 
number of cases was twenty-four. Since then, isolated reports by 
Jerofejeff,® Mitchell and Bauer, Kirschbauin and Perlman," and a rc- 
riew of eleven additional cases by Tinney® liave appeared. 

The initial series of twenty-four cases contained only two males, 
Soldner's,® and McGinn and 1111110’.$.^ This disparity in incidence 
between the sexes, horvever, is less evident in .subsequent reports. At 
present, with this case, there are in all twelve males and twenty-seven 
females. 


This syndrome is not incompatible with prolonged life. Firket,’® in 
1880, described the case of a 74-ycai'-o]d woman wlio liad survived 
eleven pregiraneies. Lutembacher® I’cported another case in a woman, 
aged 61 years, who liad had seveii pregnancies. Sailer’s patient” lived 
to be 67 years, and our case is that of a man who is 60 years of age. 
Generally speaking, liowever, the life expectancy is considerably less. 
Eleven of the twenty-four patients in the jMcGinn and White series 
died on or before reaching the age of 30; the average age at tbe time 
of death was 35. 


ORIGIN OP THE SEPTAL DEFECT AND THE JHTRAL STENOSIS 


The lesion in the interauricular septum is readily explained embry- 
ologieally. Thin, sickle-shaped membranes, arising from the endocardial 
cushion s, one on the dorsal, the other on the ventral, portion of the 
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atrial part of the original single atrioventrienlar canal, groiv down- 
waid and unite in the niidlnie, forming right and left atrioventricular 
canals. From the atrial roof the septum primum grows downward to 
attach to this newly formed ridge between the canals. Meanwhile the 
septum primnm becomes thinned and perforates in a previously intact 
legion, thereby forming foramen ovale I. In the seventh week of fetal 
life, a second septum makes its appearance jnst to the right of the 
septum primnm. It is incomplete, and its foramen is known as fora- 
men ovale II. Ihe growth of these two partial atrial septa is such that 
the main expanse of the septum primum overlaps foramen ovale II. 
It serves as a flap which permits blood to pass from right to left, but 
not in the reverse direction. This condition obtains until after birth, 
when there is a decrease in pressure in the right auricle and/or an 
increase in pressure in tlic left auricle, and the two membranes become 
closely aiiposed and graduallj^ fuse into a single atrial septum.'^ 
Failure of the septum primum to descend or to attach propeily, or 
a persistent defect in the septum primum or secundum lays the ground- 
work for Lutenibaeher’s syndrome. 

The question of the origin of the mitral lesion, i.e., whether it is con- 
genital or acquired, wms at one time much mooted, but now there is 
almost general agreement that it is acquired. Early, Lntembacher/ 
postulating a congenitally stenosecl mitral valve, felt that the elevation 
of pressure in the left auricle caused by the stenosed valve prevented 
proper closure of the foramen ovale, and hence caused a reversal of 
the usual fioAV through the fetal heart. Firket’® was of the opinion 
that the combination of congenital mitral valve deformity and abnor- 
mality of the iuterauricular septum was a fortuitous coincidence which 
served to safeguard against the pulmonary congestion that would re- 
sult from the mitral lesion alone. Dressier and RoesleF® are propo- 
nents of the theory that an increase in left auricular pressure, such as 
probably occurs after birth, Avonld favor closure of the foramen ovale 
because of the oblique course of the canal. Furthermore, they hold 
that a small, congenital, interaiii’icular septal defect, complicated bj 
an acquired mitral stenosis, would in time become much enlaiged be 
cause of dilatation resulting from the increase in pressure within t m 
left auricle. McGinn and White are in agreement with these authors. 

A definite history of rheumatic fever was obtained in three of the 
twenty-four cases reviewed by McGinn and White. The absence of a 
rheumatic fever history does not militate against the i i 
acquired endocarditis in these cases, for many patients i p 
rheumatic endocarditis never give histories of having been ill with ' - 

In the clinical experience of Dr. George Fahr, Ghie ^ 

Medicine at 
cases lie in 
for this group. 


matic fever, in tne cijuivai 

.t the Minneapolis General Hospital, about 25 per ee ^ 
this category. Pathologists report figures up to 50 per cem 
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The iutorcsliBg otecvation o£ Mamlo Ahhctl- 
fects are frequently associated with abnormalities in lie Miuctuio o 

Sc Ltval valve leaflets aeggea.a Ihe poaelMlily 1 .al ' ■ 

strata phenomena may more rcatlily pretlispose these leaflcls lo ijiein 
matie eiulocarditie ehanges. Almost thvee-fonrlhs of loenlora^ (i- 
patients with interatrial seplal <Weet also had ehronic valvular lesnms. 


DIAGNOSIS 

Clinically, the diagnosis is a difficult one. 'rho auscullalory signs 
are quite variable, depending upon the degree of involvement, of the 
mitral valve, i.e., degree of stenosis and insufficiency, degree of enlarge- 
ment of the heart, and the presence or absence of failure. The size of 
the interauricular defect is a factor which may account for othei 
auscultatory signs at the base of the heart. The electrocardiogram 
offers only suggestive evidence if right ventricular preponderance and 
abnormal P waves are pre.sent. The clinical data, when correlated with 
roentgenographic study, however, may point strongly to the diagnosis. 

Assmaun,'® and with slight modification, Dre.ssler and Roesler,’^ sug- 
gest a diagnostic roentgenologic tetrad consisting of; (1) Extensive 
right-sided dilatation and lij'pcrtrophy ; (2) very wide liilar Jung 
shadows; (3) large conus; (4) narrow or hyjioplastic aorta. 

In two instances the pronounced hilar shadows produced by the 
marked dilatation of the pulmonary arterial tree led to a mistaken 
diagnosis of mediastinal tumor. After a poor response to irradiation, 
one of the.se patients was operated on, and the mass ivns found to be 
an aneury.smal dilatation of the pulmonary artery in Avhieh there was 
a clot.-^ 

CASE REPORT 


The case is tliat of a wliitc wan wlio was GO years of age at the time of his 
final admission to the Minneapolis General ITo.spital, Fei). 11, 19-11. Only relcvnnt 
data from the records of lio.spital admi.ssions and from tlic post-mortem observa- 
tions arc presented. 

When seen for the first time, .Time 21, 1938, in tlic Out-Patient Department, the 
patient complained of occasional dyspnea, clioldng .sensation.s, and as.sociatod pal- 
pitation. He gave a history of di.abete.s iiicllitiis for seventeen years. A systolic 
murmur was heard at the apex. Tlie heart was found to be slightly enlarged to 
the left on percussion. The blood pre.ssure was 122/80. The blood, serologic reac- 
tions, and urine were normal. 


The patient was admitted to the ho.spifal Afarch 7 , 1939, complaining of occa- 
sional dy.spnea on exertion, and of generalized .ioint stiiTness nnd painful ioint 
motion. These latter symptoms had been pre.sent for several vears but reccntlv 
had become progressively wor.se. A hi.story of wimt might ha^c been rheumatic 

^oet Thl'n^'T'”’ Procordimu, hut loudest at the 

apex. The blood pressure was 156/78. A roentgenogram of the chest showed 

mtreTircL^^’;;?^^ din:;:; 

cm. There were a distinct prominence of the pulmonary conus and 
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showed left ventricular preponderance, wdtli slightly depressed S-T, and sli^lulv 

0.22 second. The blood and urine were nor- 
ma . The patient was discharged after his diabetes had been brought under con- 
trol and Ins joint symptoms w'ere relieved. 

On Peb. 7, 1940, the patient returned with a severe upper respiratory infection. 
Basilar rfiles were heard posteriorly on the left. A loud systolic murmur was 
heard over the entire precordium, especially at the third and fourth intercostal 
spaces along the left sternal border. The pulmonic second sound was accentu- 
ated. No thrills were felt. The liver -was palpable tivo fingerbreadths below the 
right costal margin. The blood pre.ssure was lCS/78. Boentgenologie e.\-amina- 
tion failed to reveal anj- evidence of pneumonia; the right-sided enlargement of 
the heart was again noted. 

The patient was admitted to the hospital Sept. 20, 1940, complaining of short- 
ness of breath and choking sensations for three months, and swelling of the ankles 
for one month. Dyspnea and orthopnea 'were evident on examination. Bilateral 
basilar rales were heard. The heart was enlarged to tlie left on percussion, and 
a diffuse apical beat was noted. A soft S 3 'stolic murmur was heard at the apex. 
The liver was palpable two to three fingerbreadths below the right costal margin, 
and edema of the ankles was present. The blood pressure was 188/96, and the 
venous pressure was 26 cm. of citrate solution. Congestion of both lung fields 
and a small pleural effusion on the left were demonstrated roentgenologically. 
The heart was enlarged, and the transverse diameter measured 15.6 cm. The elec- 
trocardiogram showed, from time to time, nodal rhythm and complete heart block. 
Partial A-Y block, with the 'Wenckebach phenomenon, was seen in one record. 
The patient responded to digitalis, and the diabetes was brought under control 
before discharge. 

The patient was admitted to the medical service Feb. 11, 1941, complaining of 
shortness of breath and swelling of the face, abdomen, and ankles for one month. 
Cjmnosis of the lips, mucous membranes, and nail beds and generalized edema 
■were noted. The neck veins rvere prominent. Congestive rales were heard 
throughout both lungs. The heart was enlarged to the left and right by percussion. 
A sj'stolic thrill was palpable over the apex, and a presj^stolic murmur, rough in 
character, followed by a high-pitched, blowing systolic murmur, was heard at the 
apex. Occasional extra.s.ystoles were noted. The blood pressure was 160/90, and 
the venous pressure was 30 cm. of citrate .solution. A diagnosis of mitral stenosis 
and insufficiency was made. Boentgenologie examination revealed enlargement of 
the heart, with definite pressure on Ihe bar<um-filled esophagus. Bilateral pulmo 
nary congestion was present. The patient responded poorl 3 ^ to treatment, and die 
three days after the onset of a pneumonic process. Death occurred on April 20, 19 

Post-Mortem Examination*.— ’EriHonce of congestive failure was found in the 
serous cavities, -viscera, and peripherall 3 '. There was a pneumonic process in le 
lower lobe. 

Eeart.~The heart weighed 440 Gm. There was a small, adherent thrombus in t le 
left auricular appendage. A large defect, low in the interauricular septum, wit i a 
diameter of 4 cm., was found. It occupied approximately tivo-thirds of the in 
atrial wmll. It was oval in shape, and its lower border reached 
tricuspid and mitral rings. This defect was not the foramen o\a e, 
ated foramen could readily be identified somewhat anterior to this defect (Ihg- 1 

General Hospital. 
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The left atrium and ventricle showed little, if any, hypertrophy or dilatation. 
The right atrium was markedly dilated, and its wall was definitely hypertrophied. 
The aortic, tricuspid, and pulmonary valves appeared normal grossly. The mitral 
valve seemed to he composed of three leaflets. There were fewer than the usual 
number of chordae tendineae, and two appeared to be thickened. The remainder 
showed no definite thickening or shortening. The valve leaflets were definitely 
thickened and had rolled edges. The valve was stenotic, and, before the ring was 
cut, admitted the tip of the small finger with difficulty. The cut surface of the 
myocardium was relatively normal. Grossl}’’, no fibrosis was seen. Tliere v, as 
minimal arteriosclerosis of the right coronary artery. A small hemorrhagic area 
in the wall of this vessel did not appear to obliterate the lumen to any appreciable 
extent. The root of- the aorta showed a moderate degree of atheromatous degeneration. 



leaSfs to show the thickened, rollecl 

niunication is clearly seen. The thickeninc” tnterauricular coin- 

heart are apparent. imcKcning and dilatation or the right side of the 


as slidTiTir”/-' revealed interstitial edema, as w( 

nodules The m-t i i i ^ * possibly represented remnants of Asdic 

blasts, and areas of h^rne netosis!’""'"" proliferation of fibr 

otcojgestiv. failure, left War lobe pneoSmia.” Se«eraIizod odea 
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DANAMICS Op INTERATRIAL SEPTAL DEFECT 

The following discussion is offered in order to correlate the available 
fundamental data which are necessary for the establishment of a new 
concept of the dynamic disturbances in Lutembaeher’s syndrome. How- 
ever, the concept to be presented applies to all functionally significant 
interauricular communications, Avhether or not there is an associated 
mitial lesion. Since the initial inquii'ies into the problem were stimu- 
lated by a consideration of Lutembacher’s syndrome,, the discussion 
will deal first with that entity. 

CURRENT CONCEPT 

In agreement noth Dressier and Roesler,’=* McGinn and 'White," in 
the most recent vieiv of the djmamies in Lntemhacher’s syndrome, ex- 
plain the post-mortem findings as follows ; 

"The pressure in the left auricle rises because of the stenosis of the 
mitral Amlve, and much of the blood iiasses through the interauricular 
septal defect rather than through the stenotic valve. The blood that 
passes from the right auricle to the right ventricle is then passed 
through the lungs a second time. The right ventricle and the pulmo- 
nary arteries dilate while the aorta remains small because of the re- 
duced volume of blood in the systemic side. The interauricular defect 
increases in size because of the increased pressure in the left auricle 
due to the mitral stenosis. The strain is primarily on the right heart, 
and results in dilatation and hypertrophy. The failure of the left 
auricle to dilate and hypertrophy subsequent to the stenosis is due to 
the reduction and equalization of pressure with the left auricle by the 
septal defect.” 

OBJECTIONS TO THE CURRENT CONCEPT 

The foregoing point of view, however, is a consideration of those 
changes in cardiodynamics which are incident to the development of 
mitral stenosis. The phenomena noted are "dated” from the onset of 
that added pathologic state. Yet important, if not the most significant, 
structural changes have already occuiTed in a heart in which an intei- 
atrial septal defect is present. For it is more than coincidence that 
the autopsy findings in eases of interatrial seiital defect, either with oi 
without an associated mitral stenosis, are strikingly similar. Geneia j 
speaking, in both the complicated and uncomplicated forms, the right 
auricle and ventricle are markedly dilated and hypertrophied, whereas 
the left side of the heart undergoes little, if any, change. The branches 
of the pulmonary arterial tree are considerably dilated, but the aorta 
tends to become hypoplastic. Hence any consideration of Lutembacher s 
syndrome must, of. necessity, take full account, of those a^teceden 
dynamie.;,^ianges .which are caused by the interatrial septal de e 

alone. 
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Straub” has established the fact that left auricular pressure is Mcatei 
than right auricular pressure in the normal experimental anim. 1. 
Roesler,^® in an excellent, comprehensive analysis of sixty-tum cases 
of interatrial septal defect, contends that this same pressure i ei ence 
causes a flow of blood from left to right in the presence of a septal 
defect. Absence of cyanosis in these eases (except termina y) is ac- 
cepted as prima facie evidence of the direction of flow by Abbott 
and Roesler.^^ There is little doubt that flow from left to right auricles 
does occur, but the evidence that this directional flow is caused by a 
difference in iiitra-auricular pressures may be ciuestioned. 


The flow of blood through the heart is governed by the same prin- 
ciples of hydroldneties that apply to floiv llirough any hydraulic sys- 
tem. It would be well, therefore, to review the component factors of 
flow in such a system. 

According to the Bernoulli theorem, neglecting friction, the total 
head, or total amount of energy per unit of weight, is the same at every 
point in the path of flow in a hydraulic sy.stem.* The total head con- 
sists of three factors : 


(1) The kinetic energy factor, 

(2) The potential energy factor, h, due to the height above a given 
datum plane, and 


(3) The potential energy factor, or, head of pressure. 

The theorem simply states that the sum of these three factors at one 
point in the stream must be equal to the sum of these factors at any 
other distal point. 

However, since fluids in motion invariably suffer a loss of energy 
through friction, this loss is accounted for by adding the factor “f,” 
to the right-hand side of the Bernoulli equation. Thus, 




-f- 




2g- 


■R ■^■2-R 
w 


+ hj^ f 


It must be inferred from Roesler’s explanation that the energy head 
in the left auricle is greater than that in the right by virtue of the 
pressure difference. If this were the important factor, one Avould ex- 
pect to find enlargement of the left auricle, perhaps exceeding that 
of the right. For it is generally accepted that the differences in work 
demanded of the various chambers of the heart determine physiologic 
or pathologic dilatation and hypertrophy, or both, of the respective 
chambers. When there is an increase in pressure Avithin a chamber 
that chamber is called upon to do more work than one with a lower 
pressure. 


4' Partjcles°in'iny^cross Setfon" have^untfoWn^Oow**^ H n “h' 

equation which follow are aDDl?cS)lp factors 

cross section and nonuniform velocities, by slight moliflcatTon^f’ the^^^^^ 



322 


AMERICAN HEART JOURNAL, 


This is well borne ont by the phenomena which are known to occur 
during the normal growth oi the heart. At birth the walls of the right 
and left ventricles are approximately equal in thickness ; the right is 
slightly thicker in the_ ratio of 8:7.^® In time, the left ventricular 
musculature increases in thickness. This is the result of the rapid 
expansion of the systemic vascular bed, which parallels body growth 
and increases periplieral resistance, and this demands an, increased 
head of pressure in the left ventricle. In contrast to this, the rela- 
tively slowly changing resistance in the pulmonary bed makes a much 
smaller demand on the right ventricle. Because of the disparity in 
heads of pressure neeessaiy for flo-w in the distinctly separate circuits, 
the left ventricular wall becomes measurably thicker than the right 
within three to four months after birth, according to both &ross“ and 
Muller.=“ By the end of tlie first j'-ear of life, this ratio is approxi- 
mately 2 

A change in the auricular musculature must also occur after birth, 
although to a much less extent than in the ventricles. Auricular sys- 
tole, which contributes about 5 to 10 per cent to the respective total 
ventricular blood volumes, occurs at a time when the ventricles are 
completely filled. Therefore, the final auricular contribution must be 
expelled with sufficient force to distend further the filled ventricles, 
and the left auricle must exert a greater ejection force than the right 
auricle in order to transmit its distending pressure to the heavier 
muscled left ventricle. Tlius tliere is established the adult ratio of left 
to right auricular thickness of 3 :2 or 2 :1, 

A comparable "demand-response mechanism” must obtain in the 
pathologic as well as the physiologic state. Accordingly, if, as Boesler 
states, the left auricular pressure is greater than the right, and causes 
a flow from left to right, the left auricle should show a degree of en- 
largement at least equal to, if not greater than, that of the right. Tet 
necropsy specimens in cases of interatrial septal defect, whether simple 
or complicated by mitral stenosis, show mai’ked structural changes in 
the right auricle, and the left auricle is almost completely spared. 
Hence, some mechanism other than a pressure difference must account 
for the ultimate cardiac changes. 


NEW CONCEPT OP THE DYNAMICS OP INTERATRIAL, SEPTAL, DEFECT 


A consideration of the various factors in the Bernoulli theoreni af 
fords an opportunity to view such possibilities ci'itieally. ^ 0 tiese 
factors, one which has previously been given no consideration to my 
knowledge is the potential energy factor, "due to the height above a 


given datum plane.” 

If one yisualfaes the projection of a heart in three-dimensional apace 
noting axial and planar relationships, this new possi ' ^ 
itself. For, if the auricular axial plane is such that the left 
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placed above the right, and the patent septum 1 e m the floo of th s 
upper chamber, it is conceivable that a gravitationa faetoi would 
determme the direction oi how of blood between the chambers^ Tins 
gravitational shunting of blood would throw a considerable load upon 
the right side of the heart, and perhaps set np the dynamic state ivhich 
leads to the characteristic changes in hearts with a septal detect. 



Pig. 2. — Horizontal section viewed from above, at tlie level of the upper border of 
tlie fourth rib (body of newborn infant). RV, Right ventricle; AC, aortic cusps; 
liVW, left ventricular wall; LA, left auricle; A, aorta; RA, right auricle; E, esopha- 
gus. This drawing was made from a photograph in the original article, as quoted, 
and is reproduced with the permission of Dr. J. C. Gittings. 
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About thirty years ago, h classic study on the anatomic relationships 
of intrathoracic structures in newborn infants was made by Fetterolf 
and Gitting's.^^ The authors injected the bodies with a 10 per cent 
formaldehyde solution and froze them. Numerous dissections and hor- 
izontal and sagittal sections were made through various portions of 
the thorax. Two drawings from their photographs are here repro- 
duced (Figs. 2 and 3). The first, a horizontal section through the 
thorax, shows the relationship of the auricles in that plane. The sec- 
ond, a sagittal section, shows the left auricle in a definitely more 
eephalad position than the right auricle, and, what is most significant, 
the plane of the foramen ovale. Quoting the authors, “The foramen 
ovale lies in an almost horizontal plane, and not vertically, as is com- 
monly supposed.” Here, then, is anatomic evidence in support of the 
proposed concept. 


AN EXPERIMENTAL PROCEDURE 

Simple laboratory methods afford an opportunity to note the flow 
changes in a two-chamber system with a common patency. Two con- 
doms are rubber-cemented together, while uninflated, and, after cohe- 
sion occurs, a communication is established in their common wall, A 
U tube, "with inflow source, is fitted into the proximal free ends, and 
tubes of smaller diameter are tied into the distal ends (Fig. 4). The 
two chambers are placed in the same horizontal plane, and the septum, 
therefore, occupies a vertical plane. The system is filled with water, 
and, Avhen the inflow rate is sufficient to maintain a .slight but unvary- 
ing distention of the chambers, that rate is kept constant. It is noted 
that the trajectories of fluid from the two outflow orifices is identical 
in pattern and distance. Also, if the escaping fluid is collected in 
separate containers, it is seen that in a given period of time the volume 
flows are identical. 

The assembly is now turned so that one chamber lies above the other, 
i.e., the communication is in a horizontal plane (Fig. 4 should now be 
labeled “seen from the side”). Even though the rate of inflow to the 
system is kept constant, as before, the lower chamber is seen to dilate 
slowly, whereas the size of the upper one decreases somewhat. When 
equilibrium is again established, the pressure in the lower chamber is 
greater than that in the upper chamber for (1) it is larger; (2) the 
trajectory from the lower chamber extends beyond that of the uppei 
chamber; (3) the rate of outfloAV from the lower chamber is greater 
than that from the upper chamber.*^ These differences are attributable 
to the difference in height between the respective streams above a 
given horizontal datum plane. 

‘Sample reading's at 25 seconds: 

Upper chamber outfloiv, 192 c.c. 

Lower chamber outflow, 205 c.c. 



UHLEY : LttTEMBACHER’S SYNDR05IE 


325 


Thus we see that if two chambers with a common commniucation 
are so disposed that the septum containing the communication lies in 
a vertical plane, if the inflow rate is constant and the outflow oii_ e 
are of the same diameter, there need be no mixing of the contained 
fluids ; in fact, the assemblj^ functions as if there were no eominuiiica 
tion between the chambers. But when the two chambers are placed 
in a position so that the communication lies in a horizontal plane, i.e., 
so that one chamber lies above the other, it is seen that the lowermos 
chamber dilates, that there is a definite increase in pressure in that 
chamber, and that an increase in the rate of outflow occurs, with cor- 
responding opposite changes in the upper chamber. 



— Experimental assembly, vieyetl from above, of a two-chamber system with a 

communication. 


The foregoing theoretical, anatomic, and experiiiiental evidence in- 
dicates that the proposed concept is acceptable, so that we may now 
turn to a consideration of the dynamic effect of the auricular axial 
plane and the plane of the septal patency on cardiodynamics. 

The first year of life is spent almost entirely in a recumbent position. 
Since the septal defect then lies in a nearly vertical plane, the condi- 
tions of the first portion of the model experiment are approached. But 
with the body in the recumbent position, the right auricle lies some- 
what anterior to the left (above), as shown in Fig. 2. One may sur- 
mise that this axis is less exaggerated in life, i.e., that the auricular 
axis IS more transverse than is apparent in the sketch, or, that if there 
IS any flow from right to left, it is insufficient to produce cyanosis. 
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As the upright positiozi is assumed, gravitational flow of blood from 
the left auricle becomes a certainty, for with that chamber hnm. 
cephalad to the right, and with the interatrial septal defect in the 
floor of the upper chamber, this shunt must function. Filling of the 
light auricle is accomplished not only by the usual means, but also by 
the flow-olf from the left auricle caused by gravity. The right auriefe 
ivill dilate in order to accommodate this added load, as will the right 
ventricle. Eventually, because of the increased flow through it, both 
chambers of the right side of the heart will hjTiertrophy. , The pulmo- 
nary arterial system, which receives an increased volume of blood from 
the right side of the heart, ahso dilates. The .systemic chambers and 
vessels, on the other hand, maintain a status quo, or, because they re- 
ceive less than the usual quantity of blood, undergo regressh’^e changes. 
This is readily seen in the aoi’ta, which tends to become hypoplastic. 

The fundamental “gravitational disposition” of the auricles remains 
essentially the same, even after the gradual shift of the heart to the 
so-called “adult position,” which is completed betAveen the seventh 
and tenth years of life.-^ The vicious cycle, therefore, is continuous 
throughout life, except during the time that the recumbent position is 
assumed. 

If a person with an interaurieular septal defect should have one or 
more attacks of rheumatic feA-er, Avith resultant vahmlar disease, par- 
ticularly of the miti'al A'ahm, the role of this superimposed lesion on 
eardiodynamics must be considered. The frequent incidence of rheu- 
matic A’alAuilitis in these eases has already been referred to, and, as 
indicated, is quite common. ‘When an effectiAm mitral stenoisis is estab- 
lished, the residual A'olume of blood that usually causes such profoimd 
changes in the left auricle has almost a negligible effect on that chamber. 
It is obAuous that the blood Avhieh is preAmnted from passing to the 
systemic circuit through the stenotic orifice floAvs directly into the 
light auricle, and thei’c merely adds to the increased load on the right 
side of the heart. 

In the light of the foregoing discussion, it is apparent that the heart 
in Lutembacher’s syndrome undergoes essentially the same pathologic 
changes as the heart AAdiich is the seat of an tmcomplicated interatrial 
septal defect. Further, the structural changes in both forms can read- 
ily be accounted for by the graA'itational disposition of the auiieles 
and plane of the patency hetn^een them, Anthout hypothesizing a pres- 
sure gradient betAveen the auricles, AAhich, as shoAvn, may be questioned 
from several standpoints. 

SU3IMAKV 

A report of a ease of Lutembacher’s syndrome (combination of mter- 
atrial septal defect and mitral stenosis) is presented. The curren y 
held view of the dynamic changes in such a heart is discussed. 
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pointed out that the fundamental disturbance in dynamics is the sa 
lYhether or not the septal patency is complicated by a mitral lesion. 
According to pre^dous investigators, tlie ultimate development- of mai^ced 
dilatation and hypertrophy of the right auricle and right ventricle 
with minor involvement of the left auricle and left ventiiele, is eansec 
by shunting of blood through the communication, which in turn re- 
sults from the fact that the pressure in the left auricle is higher than 
that in the right. Evidence is iiresented to show that this explanation 
is not tenable. 

A new concept of the dynamics of interatrial septal defect, based on 
a correlation between fundamental liydi-aulic princijiles and anatomic 
and experimental considerations, is proposed. It is shown that when 
two adjoining chambers have a source of constant and equal infloiv, 
a free communication in their common wall, and outflow^ orifices of 
equal diameter, the gravitational orientation of the chambers deter- 
mines their respective sizes, intraluminal pressures, and volume fiows. 
If the ehambei’s are placed one above the other, with the communica- 
tion in a horizontal plane, the inferior chamber dilates and its out- 
flow trajectory extends beyond that of the upper chamber, ■which indi- 
cates that there is a greater intraluminal pressure in the lowermost 
chamber. 

Prom an anatomic standpoint, evidence is presented to sliow that the 
auricular axis is such that the left auricle occupies a definitely more 
cephalad position than the right. Further, the jilane of the foramen 
ovale (septal defect) is almost horizontal, and not vertical, as it is 
commonly represented. With the disposition of the chambers and 
septal defect in this relationship, filling of the right auricle is accom- 
plished by the usual eaval flow, and by a gravitational floAv through 
the eommunicatioii in the floor of the superiorly jflaced left auricle. 
Dilatation of the right auricle results, and, in due time, the right side 
of the heart shows dilatation and hypertrophy, whereas the left auricle 
and ventricle, which play almost no role in these events, remain essen- 
tially unaffected. The aorta becomes hypoplastic because of the de- 
creased systemic volume of blood. The piilmonary arterial tree, on 
the other hand, necessarily dilates to accommodate the increased vol- 
ume of blood in the lesser circuit. The presenee of mitral stenosis 
simply exaggerates the flow differences. 


The proposed concept obviates the necessity of postulating a pres- 
sure gradient theory to explain the pathologic changes, and offers, 
instead, a well-correlated explanation of the entire progression of 
events which are associated with an interatrial septal defect. 


I wish to express my appreciation to Dr. &. Palir, Chief of Medicine Minne- 
apohs General Hospital; and Dr. L. N. Katz, Director of Cardiovascular Research 
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the effect of CllEONIC LEAH FOJSONIN'C ON Ain'EHIAI. 
BLOOD PBESSUBB ]N IXXiS 

pAUIi J. POUT.S ]\LD.,, AND lUYlNK 11. PAtiK, M.D. 

IxnlAXAl’OIAS. I Nil. 

npiIE helicl' l!ui( ehvcmic loiid poisoiiinix loads lo nolooial liyiuTlonsion 
1 extoiuls doop into the annals of olinioal nnidioino. Imt llio ovidiaico 
on wliieh it is based is nneonvinoinir. Load intoxioation Inis lieon studioi 
ill a mimliev of animal speoio.s, imt rarely lias I lie Iilood jirossure boon 
measured, and then the metbod employed has not been the host. 

Since little is known of the effoel of load intoxioalioii on arterial 
blood i)re.ssure, we thougiit it desirable to make a prolonf,u-d study (if 
the effect on mean arterial iirossuro of foedinij two do”S diets in which 
the amount of lead was accurately measured. 


MKT! ions 

Artcriiil jiro.'^suro was lacasurcd l>y direi't feiiwiral arli'riiil jiiiiicturt' witli a 
20.giius'o noodle and a looordiii}; inoroury inanoiiiotor. Woi'kly oiylliroeyio and 
leucocyte eounts and lioiaagloliiu and urinary jirotoin dotoriiiinations wore Ju.'iilc. 
The lead, in the form of aqueous lead acetate solution, was adniiiiisti'ri-d l>y moan- 
of a short esophageal tube. Tlie amount was eahuilalcd ns mciaHii' lead. 'J'lie diet 
consisted of dog hiscuits, 

i*m)Tocoi.s 


A one-year-old female dog, weighing !*.;! kilograms, l)egan ri'ceiving lead aeei.ate 
Decend) 0 r .'il, 1!K!7. The erytlirocyte <a>nni was 7.1!) millioii.s, llie hemoghddii. 111 pel 
cent, tind the leneoevte eonni, 1.7,000 (Kig. I). Tlir amount of lead was gradu- 
ally increased until loss of appetite and weight, iduody iliarrliea, and .a lead liiii“ 
developed. Jl was then di.s-eoiif inued for a wei'k or more uiilii the tieiile .'■ymptoiiis 
and signs receded. It was necessary to iliseontinue lead suliuinistratioii on four 
occasions. 


It is of interest that, during lliese four ;itt;ieks of aculi* lead poisoning, titiemia 
did not develop nor did an increa.st! in n-ticiiloeyles occur. I’rogressivelv gn-ater 
amounts of lead were required to prodin-e e.'ieli succeeding neiUi> nltiiek. After .'ll 
months of lead administration the dog weighed .S.,7 kilognims, the erythrocyte count 

was 0.9 millions, iuid tlie liemoglolrin W!is U.j percent. 


Evidence of irritation of tlie kidneys was not found. At no time did the urini' 
contain abnormal amounts of protein. Since the blood jiressiire wns iionmil jifter 
Ilf months of load tidministr.-ilioii, it seetued desirtible to Irv to elevate tlie pressure 
by removing normal renal tissue. IJnilat.ual nej)liivelomy was llt.-refore performed, 
but stUl no rise in iire.ssure occurred. A rapiti deeieti.se in weiglit wtis observed' 
and 27 days later severe lead jH.isoniiig developed. .Marked eueephalitis to.-eom- 
panieJ this atttiek. Tlic dog was in .siieli jhioc condition that she was suerifieed on 
Ecc^er 31, 1910. Jluring the final illness the eryli.roeyfe eoutil decre.nsed lo .7.97 


From the Lilly Laboratory for Clinical Ilesenrcli 
Receivea lor publication Alarcli 13, 1942. 
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millions and the hemoglobin to 60 per cent; this was associated with a rise of reticu- 
locytes to 6.2 per cent on the day of death. There had been no reticulocytosis 
prior to the final attack. This suggests that the variations in the erythrocyte count 
resulted from differences in hydration of the dog, rather than alterations in pro- 
duction and destruction. Autopsy showed the usual morbid changes which are in- 
duced by lead intoxication. 

This dog received a total of 32.5 grams of lead over a period of three years. 

A second dog was studied for a much shorter time because it died during the 
second attack of acute lead poisoning after a total of 1.9 grams of lead had been 
administered. No abnormal changes in arterial pressure were observed. 



Fig. 1. 


DI.SCUSSION 

Despite prolonged (160 weeks) administration of large 
grams) of lead to a dog, no significant change in mean “‘“I P 
ooenrred. The dog survived four attacks of acute lead p ^ 
died during the fifth, indicating the severi^ of the ^ 

loss and bloody diarrhea occun-ed when the amount 1 ™ 

gressively increased; this culminated m an acute attack, 

Ln took place when the administration of lead was to— d J 
the height of the first four acute attacks there was no demonstia 



TOUTS AT!I> UAGK: CHROSIC UKAO I'OISOXING O'jl 

anemia. However, Ihere Ava.s a ieinjnjrary dcei-ea.so iji llic erylliroeylo 
count and hemoglobin percenlago after the altack.s; Ihi.s sugge.stcd that 
concentration during the attacks masked sliglil anemia. 

Arterial hypei’tonsion can be produced in dogs with ease by other 
methods, and therefore lliere is no reason to supiio.se that, it would not 
occur after load administration if this substance were capable of pro- 
ducing it. Since the animal received lead in large amount.s for about 
one-third of its life span, time for the devclo})men1. of hypertension wa.s 
certainly adequate. We therefore conclude that lead, under the exj)eri- 
mental conditions which were used by us. does not ]>i'oduc.e artoi-iid 
hy])crtension in dogs. 

It was staled before that careful reading of the literature on the 
possible relationship between chronic lead j)oisoning and hypertension 
in human beings leads to the conviction that such a relationshij) has not 
been demonstrated. The iiroblem in human beings needs reinvestigation. 

CONCI.USIO.V 

Administering lead to dogs over long ])eriods of time :ind in barge 
amounts docs not produce arterial hyperfojision. 



the segmental and .ageing variations op be ACTIVE 

HYPEREMIA IN PIEMAN SKIN'^ 


Joseph R. DiPalma, M.D., and Prances I. Poster, B.S. 

Brooklyn, N. Y, 

•^HAT the ability of the skin to undergo reactive hyperemia varies at 
different segmental levels has been a common observation.^’ ^ ^Vith 
the advent of a simple, reliable method which is capable of quantitating 
the threshold of reactive hyperemia to local ischemia, it is now possible 
to map by serial segments the capacity of the skin to respond in this 
regard.^ Pnrthermore, data obtained upon selected subjects in proper 
age groups should reveal significant changes, if any, in the senescence of 
the smaller blood vessels of the skin. 

Such a study, .shelving topographic and age variations of reactive 
hyperemia in the skin, ought to be of theoretical interest and practical 
importance. It should reveal the relationship between the responsive- 
ness of the smallest blood ve.ssels and the concentration of oxygenated 
and reduced hemoglobin in different cutaneous body segments, as 
recently measured by Edivards and Duntley.'* The role of local skin tem- 
perature in the control of small dermal blood vessel responses might 
be further elucidated. 

In practice, such data might serve as a base line of the capacity for 
reactive hyperemia of the small dermal vessels in different body seg- 
ments. The uses of this ivould be many. It might aid in estimating 
the proper strength of drugs to be applied to the skin in various body 
areas; in the interpretation of the local responses in allergy testing; 
and as a means of coinijarison in the study of the smaller skin circu- 
lation in eases of organic and functional closure of blood vessels. 


JIETHODS AND PROCEDURES 


Tiie methods used in these studies Jiave been described previously.^ In tliat 
paper it was shown that tlie reactive liypcrcmia which results from local ischemia 
produced by applying u'eights to the skin can be quantitated. Furthermore, the 
threshold hyperemia response which was obtained followed the postulates of 
Lewis! concerning the smallest blood vessels of the skin, and therefore uas a mcas 
ure of their responses rather than those of the arterioles. Over 500 determinatioms 
were made on about 100 subjects. It was shown that the threshold re.sponse did 
not vary in the same subject when it was ascertained on the same day under 
conditions of ordinary activity, environment, and diet. There nas a seaso 
change in the threshold, however, which correlated with the prevailing outsi e 
temperature. It was demonstrated that the threshold varied reliably with reflex 
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ni PAIiMA AND l'OSTi:l! : 


KKArriv): iiYrr.iu'.MiA or skin 


heat, nml ^vUl. looul l.ont nn.I onl.l Jn t. inii.u.or n. 1. ' 

of I.looa V0..0I resronsos. TIh> lo.-nl nn.! r.......!- Hmn,.-. n. t a- " 

(luent to iu-oto utul luolonr.-a sIoms won- .•liirolotnl. It i" 

tI,o motliod in this ytu,ly u roUul.U- ori(.-ri..n of tio' ^ 

of tlu' Miiull.-st (tonnnl Moo.t v.-m-W of tho liutuun t=l;io. A ioiof <|. m M)*l.r.n O 
the K'clinitUK' tvill now HOlVu't'. 

To tin- liottoin of n ndti ^'rnin loinl w('!t:lit i^ iiHio-lool n ..nmotli luOO.-j tr'i,' 


whoso lower sorfiiio' is live sijunre <•l•nllnn•t^•rs m tiicn. 


This uoiirht*-,! rito;. ol.i' i. 


obviously has n o-oifjht Iniolinj; of 100 j;r:>n.s j-.-r s.junre c.'ntiniel. r, ,->au 1 - 
plied to'praelirnlly any surfaee of ihe l.ody. In ptaeliee lie- folh.witn: pi.e-rdute 
wus adopted. The weiulit is ipiiehly and .leflly applied P. the -eh-.ted ar.n 
shin, and held halanoed hy (he tip of the foreiliiKer. e\etlinu a- litth- additeoad 

pressure as possible. sXfter a eertain litae, uieasiired in liy a stopv, atsh. 

the weichi is ipiiehly removed and the revnltiuu’ n-aetive hypeteiuia t" eut.-iiilli 
observed. Various stimulation tinier are tried. The jo-rlod of •-( imulatioa vhb-b 
is tost snilleient to produee a hypi-iemie riiij; of e\en inten'liv and tevtuie, v.itli 
diserete edues. is hnown as the /hnshidif fiao. l! b.a** Iwen found that tlo* avetrno' 
slininfation time for sueh a resjion-e in the shits of the forearm i" about Its to !■> 
seeoniis in midsummer tusd .about '<• to so seetind*' in niida inter. lien (he • tsmn 
hstion time if less than threshold, a rnoitleil, uneven tin;,' results; v.hess it i'- rnoti- 
than the threshold tittle, a more intense hyperemic ritiu develop', aith an arierio. 
iar flare. .\t the thre-hold. the tins*' in seeonds re.piited for the h'peretnie tits;; 
to fade to tiie color of the surronndinu shin is t.ahen, Tlii» i' hnoatt ti' the 
rlxirintj /('no. and is direotly tehited to the rate of blood tlow in the shin.' .Ml 
observations tire made with the nid of a blue, or dayliehl, iiuo'da iiulb. The 
eaviroameatal leniperature was usiudl.v T.'i' 1 '. 

.Ml the subjects for this iavcstioalion were jeitimts on the ivatds of Kinj;> 
f'ounty llospitiil, I.ouu Island (■olle;,'t‘ of Medieitie Itivislon, .Ml v.ete males, with 
the e.xeeptioii of subjeet .\. I). Partieiilar ctire wa-- lal.en (o rt'certtiin that ti.ev 
were noniutl jdiysieally and mentally. Nearly all of tlo-m had ei.tetid the bos 
pita! for a minor eleetive siireie:it iiperation, such m- herniorrhaph v or l.eje.et 
rhoidei'tomy. Two stibjeeis. If. H. nad A. f>.. had completely tec.veted (toia a 
laiaor .'itlaek of rheunitilic fever. No subject wim used who Imd a historv of r' ia 
rashes, ttllereic disorders, or periplieral vns.-nlar disease. .’Subje.-ts in the f.,urih 
decade, or over, were tested osclllometrically for evidincc of ore;,tiic ehetire of 
tlie vessels of the extremities. 

Following the recommendations of Turves Siewar!.'’- with modifleaiions, the 
siirf.ace of the human body was considered as a map with no atitetopo>tetior 
dimension, nnd the limbs were placed in n position anahiuom- to that of the 
ulli«ator (see I’i^. 1 ,. ft will that in (his position the nerve dis- 

tribution of the limbs follows (he serial order of the somatic seomi-nts. 'i'ip,. 
{freatiy fardlitales vi/tmlizatiou and iiiterpretation of tb>' data, 

UT-'ifT.TS 

Individual Gradirul of Ucactiw Ihiinrnnia . — Tliu flueslmlijs and 
clearing liino.s were asccilaiiicrl in frinrtcen titnsai aiiri liftem v.-ntral 
positions, covn-ing all \ho culant'ons hrant-Itc.s of nerve .segments f,„m 
llio ophtlialmie division of (lie fifih eranitil nm-ve to tin* lifth stieial 
nerve (Fig. ]). De.spile individual variutitms, eertain delinite Uend.s 
were found in the trunk of a normal per.son in the third decade of life.* 

vloniiV'am,S 5 ^a!^^';;:;reno.;'':m^ '» >»- ''A... as 

subjects wore studied at the cone tbnc of naimdV. sllpVe/nlwr 
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Table 

The Segmental Thresholds and Clearing Times op Fourteen Eepresentative Subjects 

the Most Marked Changes Are 


REGION OP BODY 


FACE 

Forehead 

Clieek 

NECK 

Dorsal 

Ventral 

TRUNK 
Dorsal 
Scapular 
Lower chest 
Lumbar 
Buttocks 
Ventral 

Upper chest 
Lower chest 
Upper abdomen 
Lower abdomen 
UPPER EXTREM- 
ITY 
Dorsal 

Axillary (Del- 
toid) 

Brachium 

Antibrachium 

Hand 

Ventral 

Brachium 

Antibrachium 

Palm 

LOWER EXTREM- 
ITY 
Dorsal 

Upper tliigli 
Lower thigh 
Upper leg 
Lower leg 
Foot 
Ventral 

Upper thigh 
Lower thigh 
Upper leg 
Lower leg 
Sole (Plantar) 


B 

S. 

A. 

D. 

D 

Z. 

H 

B. 

D 

G. 

L 

S. 

A 


Age =2 

Age=9 

Age=12 

Age 

=13 

Age 

=24 

Age 

=26 

Age 

=?f. 

Th.* 

C.T. 

Th. 

C.T. 

Th. 

C.T. 

Th. 

C.T. 

Th. 


Eil 

m 

Th. 

O.T, 

15 

45 

15 

40 

15 

20 

20 

30 

13 

23 

23 

40 

13 

25 

28 

40 

18 

33 

13 

30 

15 

27 

18 

27 

8 

20 

33 

43 

30 

31 

28 

40 

23 

38 

13 

19 

15 

30 

23 

35 

35 

B 



20 

25 

35 

40 

25 

25 

40 

25 

15 

50 


30 

31 

28 

30 

38 

35 

23 

25 

43 

40 

23 

50 

38 

35 

33 

38 

28 

25 

33 

20 

25 

30 

48 

50 

23 

25 

33 

28 

25 

30 

30 

23 

33 

25 

28 

30 

48 

20 

28 

30 

33 

18 

13 

14 

18 

15 

12 

12 

13 

15 

23 

20 

18 

20 

13 

18 

3o 

23 

30 

110 

28 

45 

55 

55 

58 

28 

38 

50 

35 

30 

35 

23 

35 

105 

48 

29 

45 

35 

68 

38 

28 

33 

30 

25 

38 

68 

40 

25 

55 

70 

45 

35 

70 

30 

33 

25 

35 

25 

38 

95 

33 

15 



45 

35 

70 

30 

40 

25 

40 

26 

25 

25 

30 

25 

35 

50 



20 

20 

30 

75 

28 

33 

28 

28 

33 

45 

48 

65 

25 

35 

70 ' 

55 

35 

85 

40 

30 

33 

GO 

38 

73 

43 

45 

35 

40 

73 


58 

70 

43 

35 

33 

40 

33 

80 

35 

60 

18 

36 

63 

80 

58 

43 

40 

33 

32 

33 

83 

45 

70 

45' 

43 

63 

90 

38 

80 

48 

45 

33 

42 

38 

40 

45 

70 

38 

40 

63 

80 

58 

78 

43 

4d 

28 

28 

28 

30 

38 

60 

25 

40 

28 

50 

38 

55 

33 

2o 

33 

38 

35 

52 

54 

95 

40 

48 

45 

55 

70 

70 

85 

48 

93 

100 

60 

60 

73 

70 

80 

65 

65 

87 

140 

160 

50 

60 

90 

110 

43 

25 

65 

80 

120 

225 

53 

78 

98 

128 

110 

55 

90 

95 

130 

600 



33 

28 

88 

49 



45 

38 

63 

58 

50 

35 

73 

55 

50 

55 

80 

32 

53 

32 

75 

85 

93 

120 


73 

78 

80 

115 

120 

150 

220 

200 

78 

165 

175 

60 

160 

200 

Of 

25 

50 


70 

45 

45 

28 

36 


55 

50 

480 

6U 



*Th. = threshold time In seconds. 
C.T. = clearing- time in seconds. 
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Showing the Effects op Advancing Age Upon the Segmental Gradients. Note That 
Limited to the Lower Extremities 


p 

. B. 

1 T 

. S. 

1 L 

. E. 

1 A. 

Mac. 

1 D 

. B. 

1 V 

. C. 

W. W. 

Age=30 

1 Age =42 

1 Age=47 

1 Age =51 

1 Age=51 

Age=72. 

Age=80 

Th. 

C.T. 

Th. 

C.T. 

Th. 

C.T. 

Th. 

C.T. 

Th. 

C.T. 

Th. 

C.T. 

Th. 

C.T. 

43 

55 

23 

55 

35 

60 

38 

60 

18 

25 

13 

25 

18 

28 

43 

65 

30 

42 

35 

86 

38 

60 

23 

50 

15 

25 

110 

75 

48 

60 

75 

95 

35 

60 

68 

85 

40 

45 

43 

30 

63 

35 

30 

37 

28 

40 



38 

50 

25 

62 

23 

23 

48 

40 

38 

35 

65 

110 

55 


65 

125 


45 

40 

35 

28 

25 

40 

23 

60 

75 

45 



135 


35 

45 

38 

38 

35 

40 

20 

50 

30 

75 

85 

58 

35 

48 

30 

30 

20 

43 

32 

28 

13 

28 

25 

35 

43 



38 

20 

25 

13 

9 

20 

60 

40 

50 

48 

80 

32 

20 

22 

63 

65 

55 

55 

110 

100 

180 

180 

45 

35 

35 

35 

90 

75 

40 

40 


42 

95 

22 

48 

48 

65 

80 

51 

47 

60 

75 

48 

48 

48 

48 

35 

45 

25 

25 

28 

23 

23 

23 

45 

35 

31 

31 



55 


40 

41 

55 

70 

45 

45 

48 

30 

43 

35 

43 

50 

40 

55 

68 

60 

g 

80 

85 

120 

95 

100 

155 

70 

58 

68 

105 

120 

100 

53 

100 

110 

g 

50 

98 

58 

40 

75 

90 

40 

33 

38 

45 

40 

48 

38 

38 

40 

66 

66 

80 

48 

43 

35 


38 

38 

100 

104 

110 

120 

68 

50 

58 

100 

75 

120 

48 

63 

38 

9 

73 

75 

50 

65 

80 

55 

48 

43 

38 

72 

45 

45 

60 

55 

70 

83 

75 

30 

40 

100 

120 

75 

65 

95 

85 

85 

90 

135 

170 

195 

180 

lu« 

H fl 

R n 

K S 

125 

125 

105 

130 

95 

180 

145 

110 

110 

120 

145 

350 

250 

55 

75 

110 

100 

100 

55 

85 

200 

300 

600+ 

83 

83 

93 

98 

105 

100 

105 

75 

90 

200 

73 

68 

240 

300 

300 

65 

50 

300 

420 

600+ 

55 

33 

58 

58 

28 


103 

83 

110 

110 

55 

115 

125 

130 

75 1 


119 

122 

130 

107 

100 

120 

135 

240 

180 

50 

125 

110 

150 

180 

100 


40 

75 

200 

240 

300 

105 

105 

48 

180 

330 

45 

68 

63 

300 

240 

25 

40 

300 

300 























































FIr. 1. — Relationship of various nerve soRments and tlieir respective thresholds (crosses) • and clearinR times (circles). Both dorsal and v'on- 
triu Kradlents arc Illustrated in a subject in the second decade and one in the sixth decade of life. The circles on the /iRures correspond ap- 
pioximately to the areas of applicjition of the wclRlited rinR. 
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It was found that there is a slight but constant positive gradient in 
the thresholds and clearing times as one passes from t le ng ms 
the loAvest nerve segments. Thus, in subject A. M. (Table I) the 
threshold in the flush areas of the body (face, neck, and upper part 
of the chest) was about 33 seeond.s; over the lower part of the abdomen 
it rose to 40 seconds. The clearing times closely parallel the threshold 
times. Close scrutiny of Table I and Fig. 1 will reveal that the gra- 
dient in the trunk is generally more marked on the ventral surface. 
One constant feature in all subjects was a very low threshold over the 
buttocks (sacral 4-5), which compared favorably Avith the most reac- 
tii^e parts of the body, such as the face and neck. 

In the extremities, as might be expected, there is a very marked 
gradient in thresholds and clearing times. Thus, in subject A. hi. 
(Table I) the threshold for the ventral surface of the forearm was 43 
seconds and the clearing time was 35 seconds, Avhereas, on the ventral 
surface of the lower part of the leg, the threshold was 175 seconds and 
the clearing time 200 seconds. The more marked rise of clearing time 
in this latter instance signifies that there was a slowing of the cutaneous 
blood flow in this region. This will be more fully discussed later. 
Generally, the threshold was someivliat lower and the clearing time 
longer in the palm and the sole, as in this subject. Variations in this 
respect are attributable to the thickness of the stratum corneum in 
this area, which interfered wdth the reading of the reactions. 

The Variations of Threshold ^Yith Age . — ^By selecting 14 representa- 
tive subjects, grouped roughly into decades, it was possible to study any 
age variations that might be present in the thresholds and clearing 
times. It will be seen by glancing from left to right in Table I that 
there are no significant ageing differences in so far as the flush areas 
of the body or the trunk itself are concerned. In the extremities, 
however, there is a gradually increasing threshold, and this is directly 
related to age. This is most marked and constant in the loAver extremi- 
ties. Thus, in subject W. W., who was an unusually hale and hearty 
person of eighty years, Avhose habit it Avas to Avalk tAvo miles each day, 
the threshold shoAved a remarkable rise to 300 seconds and the clearing 
Gme to 600 seconds in the foot. Study of Table I rei^eals that this rise 
in the loAver extremities is constant in persons in the second decade 
of life or older. Furthermore, with some exceptions, the rise in thresh- 
old seems to be roughly proportional to the age of the subject. The 
even greater rise of clearing time in this area, it may be noted be- 
tokens a local slowing of blood floAv. Another striking feature of the 
residts Avas the absence of a gradient in the youngest subjects, B. S. and 

. D. (Fig. 2 and Table I). This Avas particularly pronounced in the 

determinations there ivas 
It e difference in the reactions, either qualitatively or quantitatively 
no matter Avhich area of the body was studied. This is in marked 
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contrast to older subjects, in whom gross difterences are immediately 
apparent when one passes from the trunk to the extremities. 


Although the number of subjects in each age group is small, it must 
be remembered that each subject was carefully selected and had a 
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il of 29 separate serial determinations of the threshold of ® 

eremia. Moreover, the fact that the responses m ® ^ ^ ^ 

vary ^vith age, whereas those in the face and 
port to the view that the ageing variations which 
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arc actual ones. To ..ar,w tl,c Ihuils ot tins cgciuB ty'"''’''"'''' ■> 
Study on a mucli larger group of subjects is conteinpiatod, but 
strietedto fewer and siguitieaut segnieulal areas. 

Swfacc Tempcrainrc and ihc Scgmcnial Thrcnlwld.-hi over two- 
thirds of the subjects, .surface tcniperatures were taken in each area 
in which the threshold was studied." Thus, tlic segmental gradient, oi 
surface temperatures could he eoinpared to the segmental thre.shold. 
Fig. 2 shows the segmental thresholds and surface temperatures in 
the younge.st and oldest members of the series. It will be seen that 
there is no exact correlation. In the extremities, as is to be expected, 
the temperatures arc lowest, and it is here that the highest thresholds 
and clearing times are obtained. The relationship is by no means a 
linear one, however, especially in the younger .subjects. This is sur- 
prising, for our own previous studies and those of otlier investigators 
liave demonstrated that ehanges in temjieraturc, not. only local, but 


also reflex and environmental, have profoiind efTeels upon blood flow 
and reactive hyperemia in the .skin.'’* ” There are other factors, 

however, which must be taken into consideration. The tecluu<[ues of 
recording surface temperatures are by no means ]ierfcct. The tem- 
pei’atures we obtained agree in general with those of otlier investiga- 
tors,®’ ' but their studios were unfortunately limited to one age group, 
usually adults iu the third decade of life. Our studies include the very 
young and the very old, and it is at these ages that the most divergent 
results are found. 

It must also he stressed (as has been pointed out before®’’'') that 
these vascular reactions arc localized to the smallc.st blood vessels of 
the skin; namcl.v, the vessels beyond the arterioles. Factors which may 
ordinarily have demonslralde effects upon the larger ve.ssels may not 
as markedlj^ influence the responses of these smallest vessels. It is 
also probable that factors other than temperatnre are just as important 
in the local control of tlie smallest blood vessels.’’ 


The main purpose of the temperature .studies reported here is served, 
however. That is to demonstrate that in different subjects tlie seg- 
mental gradient of reactive liyperemia is not necessarily dependent 
upon the segmental gradient of surface temperatures. This i.s clearly 
demonstrated in Fig. 2. Tlie temperatures also served as an indication 
that the subject was under standard conditions of arterial tone, and 
not under an nnnsnal degree of vasocon.st riel ion or va.sodilntion. 

Local Blood Floiv and the Segmental Threshold.— The ri.se of thresholds 
in the lower extremities requires furflicr explanation. Tlie thought whicli 
comes immediately to mind is that the most salient factor in the se*-- 
gradient of reactive hyperemia is local blood flow in the skin 


junction, "was used in the rest Pnro urnc a 30-f,aug^e iron-conslantan 

recol-dintr of surface temperature^ The room temne^ature for the 

and the subject, who was lightly clad:'Uri?ft^'c'^S"[o“ 



340 


AMERICAN HEART JOURNAL 


Repeated observations have sliovai that dilation of small blood vessels 
may be elicited even when there is complete stasis in an extremity^ It 
has also been demonstrated that the threshold of reactive hjTperemia to 
local ischemia is not changed by complete stasis, bnt that the clearing 
time is very markedly prolonged.® This is ascribed to the fact that 
blood flow is essential for removal of the In’pothetical “H” substance 
which is produced by the ischemia. 



j-ig. 3. — Effects of gradually 
(crosses) and the clearing times 
surface of the forearm. 


increasing 
(circles), as 


venous occlusion 'upo*) 
ascertained on the skin 


the thresholds 
of the ventral 


In order to test these observations further, the 

was performed several times. Using the skiu o ^ Bv means 

the forearm, the thresholds and clearing tunes were 

of a blood pressure apparatus, venous stasis v as 

the thresholds and clearing tunes again e eimi Ample 

intervals of 10 mm. Hg until complete stas 

time Avas allowed after cletermmatioii at of one 

sure complete circulatory ^ change in the 

such experiment are charted time, however, rose 

threshold time, as Avas expected. T Beyond tins 

rapidly to 167 seconds at 30 mm. I g o reached 

pressure there occurred a shortening 1 » con- 
its lowest point, in pressure 

siderably above the control cleaiu clearing time, 

was further increased Uiere was a , c l Pypereniic 

ruitil, with complete o'^ observed for 10 mmutes 

rings to clear became infinitely long. It 
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in this instance, at wliich time tlie hyiicremic area ivas_ still very pro- 
nounced. Presumably the secondary fall in clearing time at 3 mm. 
Hg was the result of dilation of vessels on the arterial side as part o . 
the mechanism of compensation for the venous stasis. This explanation 
is supported by the observation of Lewis and Grant” that dunwj the 
period of venous stasis in a limb the arterial pulse, as recorded by a 
plethysmograph, increases in volume. It is notable that the clearing 
time during this secondary fall does not descend to the control level, and 
therefore blood flow in the smallest skin vessels durhifj venous sta.sis 
only approaches the normal resting blood flow, and does not exceed it. 
The contention of Linton, et al.,^' that the ailerial inflow in a limb in 
which venous obstruction is present actually exceeds the normal resting 
inflow is therefore not confirmed by those studies. 

It seems, therefore, that the long clearing times in the extremities of 
the aged are the result of a local slowing of blood flow. The high 
thresholds observed in the same regions cannot be ascribed to this cause, 
however. Other factors, i.e., nervous, postural, and humoral, undoubt- 
edly contribute to this effect. 


DISCUSSION 


Anatomic studies of the segmental and age vai’iafions in the smallest 
blood vessels of the skin have been made, but unfortunately they have 
not included the lower extremities. It has been found that the number 
of capillaries in the cheek, ear lobe, forearm, and hand does not differ 
significantly.^ In addition, there are no discernible changes with ad- 
vancing aged^ Our studies on the functional responses of these small 
blood vessels confirm these observations. They add the fact, however, 
that the most marked gradient is in the lowest nerve segments, and, 
furthermore, that the ageing effects occur almost exclusively in the 
lower extremities. Wetzel and Zottermair also shoived that the highly 
colored regions of the body, such as the cheek, owe this property to a 
relatively atonic state of the capillaries and venules. It is therefore 
reasonable to assume that segmental threshold differences in the re- 


sponses of these small imssels are the result of functional alterations, 
rather than anatomic ones. A moi-phologic study of the capillaries in 

the lower extremities with respect to ageing would be desirable 
however. 

The excellent studies of Edwards and Duntley- have demonstrated 
that the ratio of reduced to oxygenated hemoglobin, as ascertained by 
spectrophotometric analysis of the skin, may I'ary markedly The 
proportion of oxyhemoglobin is highest in the cheek, palm, buttocks 
^^‘^^’eased ni the face and upper part of the chest; that 
of reduced hemoglobin is greatest in the lower part of the abdomen 
scrotum, and dorsum of the foot. It is. therefore, obvious from our 
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studies that the most responsive skin areas correspond closely to the 
regions which are most rich in oxyhemoglobin, arid vice versa. It has 
also been demonstrated that the sensitivity of the smallest blood ves- 
sels is markedly decreased in systemic anoxemia before there are 
marked changes in blood pre.ssiire, pulse rate, and respiratory ex- 
change. The implication is that one of the most important factors 
which determine the reactivity of these vessels is the degree of oxy- 
genation of the blood they contain. 

It is generally maintained (and Abramson, et al.,“ have recently 
confirmed this by plethj’^smographie studies of various portions of the 
extremities) that the degree of the hyperemie response consequent to 
deprivation of blood is related to the metabolic needs of the ti.ssues 
concerned. Also, it is jvell knoAvn that the .skin, particularly that of 
the hand and foot, serves the important function of dissipating heat. 
Sheard and William.s" have demonstrated that the basal metabolic 
rate of normal persons is related to the temperature fall in the toes 
when the extremities are left exposed under standard environmental 
conditions. Those with the higher basal metabolic rates showed the 
least temperature fall. 

These studies, however, were carried out with methods which meas- 
ure largely the responses of ai’terioles (plethysmographie and surface 
temperature) ; consequently, the results may not apply directly to the 
responses of the smallest blood vessels Avhich we have studied. With 
this difference in mind, certain correlations are indicated. Those areas 
of the body which are most subject to pressure, and contact with the 
atmosphere, i.e., the palms, soles, buttocks, cheeks, and therefore incur 
the greatest metabolic debt, haA'e the most responsiAm blood vessels and 
are supplied AAdth the inost highly oxygenated blood. On the other 
hand, the skin of the loAA'er extremities, Avith the exception of the sole, 
because of its location, is seldom called upon to bear the AA^eight of the 
body, either in the erect or the recumbent posture. The surface tem- 
perature in these regions .is also consistently loAAmr than that of the 
rest of the body, and it is here that the highest thresholds of the le- 
actiA’e hyperemia AA^hich results from local ischemia are found. 

SUMIC-ARY AND CONCLUSIONS 


By using a method AAdiich AA'as prcAdously deA'eloped^ foi quantita iiio 
the reactive hjqjeremia AAdiich results from local ischemia, it AAas ® 

to study this response in serial body segments. Taa o componen s a 
described, namely, a tlireslwU and a clearing time. Correlations ve 
made with surface temperataires and Avith age. The folloAAung co 

sions AA'ere reached : -.j'- ' _ 

1. There is a positive gradient .of reactive hyperemia resu 
local ischemia which is directly related to the nerve segment imohed. 
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The more caudal the nerve segment, tlic higher the thicsluild 
ing time. This gradient is slightly more marked on the ven ra . 

of the body. . , 

2. Certain areas of the body are more responsive than tlie mca i 

gradient. These include the palm, sole, ehcek, and butloeks. 

3. The extremities cause sliarp peaks in the mean slope of the gradient. 
This sharp rise in threshold and clearing time is much more marked in 
the lower extremities. 

4. In general, the clearing time, which has been shown to be direel l^ 
related to blood flow, parallels closely the threshold time. In the louei 
extremities, however, it may rise to much greater levels than the 


threshold. 

5. Simultaneously conducted segmental temperature studies indicate 
that, under standard environmental conditions, the segmental gradieni 
of temperature is not the principal factor in the difference in the seg- 
mental gradients of reactive hyperemia which arc observed in different 
subjects. 

6. With advancing age, the slope of the gradient of the llireshohls 
becomes more inclined. The youngest subjects may show no gradient at 
all, whereas the most aged show a very steep gradient. This phenomenon 
is limited largely to the lower extremities. In this regard, age affects 
the clearing time even more. This is attributed to a normal, marked 
slowing of local entaneons blood flow in tbo cxtremilics of the aged. 

7. The.se observations suggest that, any studies on reactive hypoj-cmia 
in the .skin, eitiicr in health or in disea.se. in order to bo well founded, 
must be interpreted in the light of what segmental areas arc studied and 
the ages of the subjects. 
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A REACTIVE HYPEREMIA RING TEST IN THE STUD 

evaluation, and prognosis of pedal lesions 

CAUSED BY ARTERIOSCLEROSIS OBLITERANS 
AND ARTERIAL EMBOLIS]\I* 

Joseph R. DiPaljia, M.D., Israel Muss, M.D.,i aeu 
Frances I. Foster, B.S. 

New York, N. Y. 

T he immediate object of tliis investigation was to apply a direct 
quantitative method, recently developed and studied,’’ - to the evalua- 
tion of the skin circulation in obliterative vascular disorders. Kramer 
and others®’ ■* have stressed the importance of such studies in peripheral 
vascular disease, as contrasted to the usual means of evaluating the 
functional capacity of the larger arteries, such as oscillometry, 
plethysmographic and roentgenologic studies. 

Existing methods which were devised to achieve tins arc the histamine 
test, advocated by Starr,® and the intradermal saline wheal lest of 
McClure and Aldrich.® In our experience and that of others,®’ * the 
histamine wheal test is an efficient and quick means of obtaining a rough 
idea of the functional capacity of the smaller skin vessels. It frequently 
falls far short of exact quantitation, however, and suffers from certain 
other disadvantages. For example, we have noted that people vary in 
sensitivity to histamine, and, further, that the most intense responses, 
although delayed, develop in the presence of a greatly diminished dermal 
blood flow. In addition, this test depends upon the formation of a wheal ; 
this response is not easily reversible, aiid therefore borders more on 
the pathologic than on the physiologic. The inherent disadvantages of 
the intradermal saline wheal test are discussed elsewhere.®’ * 

The method used in the experiments to be described has been shown 
to be a simple, sensitive, and accurate means of quantitating the re- 
sponses of the smallest vessels of the sldn to local circulatory stasis. It 
requires nothing more in the way of apparatus than a weighted rubber 
ring, a stop watch, and a daylight Mazda bulb. Individual, seasonal, 
segmental, and ageing variations have been described. This procedure 
measures the ability of the smallest blood vessels of the skin to respond 
by reactive hj^eremia to local ischemia, and, by noting the time required 
for the area to clear, a direct indication of the rate of local blood flow is 
obtained.’’ ® 
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Tlie l esults of such an investigation upon a selected group of patients 
vio had been adequately studied by the usual methods of examination 
m peripheral vascular disorders should yield information on at least 
tJiree points. First, it might serve to indicate whether or not tlie bss 
of function of the blood vessels in the skin is the result of a cliange in the 
capacity of the smallest blood vessels to respond by reactive hyperemia 
to local ischemia. Second, it might clarify tlie exact relationship between 
obliteration of large vascular trunks and slowing of dermal blood flow. 
Third, it might serve to provide an exact measure of the degree of fune- 
tional loss of the skin circulation. 


METHOD AND PROCEDURES 

Upon the morning of examination the patient was a.sked to rest in bed in tlie 
liorizontal position for one hour. He was lightly clad and the room temperature 
was maintained at about 75° F. After a careful Iiistory, phj’sical examination 
witli reference to peripheral vascular disease was begun. Careful note of the physical 
qualities of the skin and nails was made. The presence or absence of tlie pulses 
and their strength and volume were a.secrtained by palpation. A modified Buerger's 
test^, " was then done, as follows: Tlie patient’s lower extremities were elevated 
so that the feet were about IS inches above the level of the heart. He then dorsiflexed 
and extended liis foot about once a second, moving his toes at the same time. The 
time required for pallor to appear in any part of the foot was then noted. Finally, 
the patient was asked to hang his feet over the side of the bed in order to ascertain 
wJiether rubor would dcveloi). This completed the usual clinical examination. 

The laboratory procedures were kept as standard as possible. Oscillomctric read- 
ings were made by the same person, with the same instrument, throughout. A hista- 
mine test was done on nearly cveiy patient, using the technique described by de 
Takats,8 and the results were recorded according to the recommendations of Kramer.s 
A modified Landis-Gibbon testa was done on those patients who seemed to have more 
symptoms than the degree of their organic occlusion indicated. This was pcrfonuccl 
as follows: Skin temperatures were taken on tl)e big toe, dorsum of the foot, 
ankle, mid-leg, and thigh. Short wave diathermy was then applied to the region 
of the lower part of the spine for 30 minutes, and skin temperatures again t.akon 
15 minutes after the cessation of this treatment. m In our experience, this metliorl 
of securing refle.x vasodilation is not as elTectivc as immersing the hands in uarm 
water as originally recommended by Landis and Gibbon. However, the fonner 
method is very convenient, and the results are sufficiently exact for the pm pose of 
this investigation.* 

The reactive liyperemia ring test was usually done on the day aftci the aime 
e.xamination, in order to obriate dilTerences which might be caused by the bi-stamine 
flares. Pour areas, corresponding to the usual areas of injection of histamine 
each limb, were studied. These areas were the lateral aspect of the thigh, 
the knee (L3), the lateral aspect of the leg, just below the knee (L4), the a or. 
aspect of the ankle (L4, 5), and the dor.sum of the foot (L5, SI). Tho.se f’*®® ” ® 
correspond exactly to the areas which were studied previously in 
segmental gradient of reactive hyperemia in the lower exti emitics.- ‘ I;.-). 

so that any abnormal results could be compared to the expected nonna gr. 
in the proper age group. The time needed to make a complete study of 
tremities was gi’eatly shortened by the simple expedient of u^'^g no, 
weights and stop watches, so that several areas could be studied simultaneously. 

•Dr. John J. Hauff was most kind 5" us to use the facdiUes^^ 

partment of Physiotherapy, Kings County Hospital, for tne lesui h 
of the patients. 
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KESULTS 

The Type of PafienU Siudiccl-AW of the i)ationts whom we sludieil 
were thought to have arl erioscl erosis ohlUcrams of the lower exlvemilies.t 
In all, 24 representative patients (9 females and IS males) vorc su )- 
jeeted to the ahove-mentioned tests. Of these, 6 females and i males 
were also diabetic. AH of tlie symptoms caused by ])rogre.ssive, oblitera- 
tive, arterial disease of tlie lower extremities, from the early incipient 
lesions to persistent infection, ulceration, and gangrene, were repre- 
sented. 

In Table I the.se patients are listed, in .so far as possible, in the order 
of increasing degree of obliteration of the vessels of the extremities. 
This was judged not only by the results of the objective tests, but also 
b.y the symptomatology and (he extent ol the lesions which were jireseiit 
at the time of e.xamination. Inciting and contributory causes had to be 
considered carefully. Thus, S. S., the first female ])atient in Table I, 
had, by all objective methods of study, the most adequate circulation of 
the group, but she presented one of the most, severe jiedal lesioii.s, namely, 
cellulitis of the foot. However, when cognizance was taken of the in- 
citing cause (the removal of an ingrown toe nail) this discrepancy was 
explained. 

Comparison, of OitciUomctric and Thcrmomctric Headings With the 
Shin Tests. — As was expect ed, no exact relationshi]) obtained between 
the functional capacity of the larger vc.ssels, as mea.sured oseillo- 
metrieally, and that of the .smallc.st blood vc.s.scls, i.c., tlie capillaries, 
venules, and small arterioles, as measured in this .study. Although the 
oseillometrie reading usually indicates the side on which the arterial 
lesion is most advanced, it docs not give an exact measure of the extent 
of the functional loss. Several examples of this arc listed in Table I. 
Particularly illu.strativc are cases R. K. and P. G.; both patients had 
markedly dimini.shed o.scillomefric inilsations of tlie same order, but the 
former had pregangrenous lesion.s, whei’cas the latter liad minimal .symp- 
toms and lesions. This confirms the observations of man.v investiga- 
tors,-®’*’®'^' it has been attribulcd to the fact tliat the oseillometrie 
method alone does not give any indication of the degree of arterial vaso- 
constriction whicli may exist at, the time of examination. IMoreovcr, the 
collateral circulation which develops after obliteration of the larger 
arterial trunks ordinarily does not register- oseillometrically, TTierefcTre, 
to obviate at least the iormei’ factor, it was considered desirable to make 
thermometric studies of the effects of indirect aiiplication of licat (modi- 
fied Landis-Gibbon test). The rc.sult.s, wliieh are summarized in Table 1 
show that not one of tlie jiatients had any significant degree of arterial’ 
vasocon striction .superimposed upon hi.s va.scular disease.' As lias been 

of MedlcinrKlngs services of the Island Collcgo 
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Cases op Arteriosclerosis Obliterans, Showing the Relationship op Test. 

Those Which Measure th e Function of the Shn\“5 

OSCILLOMETRIC — ==; 

SUBJECT AGE I^EADINGS HISTAMINE TEST* siHN 

THIGH 1 LEG 1 FOOT TEMPERATURE 

Females 

(i)^,) Increase in big toe 


SKIN temperature 


S. P. 
(E.H.D. 
+ 

A.F.) 


R. S. 
(D.M.) 


M. F. 


S. H. 

(d.m:.) 


M. K. 
(D.M.) 


Excellent pulsations 
by palpation 



(R) 

3i 

3J 

0 

(L) 

2i 

14 

S.P.° 


(R) Good in all parts. (R) Increase in big toe 

from 29.8° C. to 

/T X ^ , 31.6° C. 

(L) Good in all parts. (L) SI. increase in bi. 

toe from 26.8° C to 
28.0° C. 




(R) Mod. delay in ft.; 
si. delay in ank., leg 
and thigh. 




54 (R) 

(L) 


74 (R) 1 0 0 

(L) li 3 i 

'W "(R) i i ^ 

(L) 14 i 0 

■(R) 2 I ^ 

(L) 14 li 0 


J-J y »->A» AU. CtiiA* 

and leg; good in thigh. 


(R) SI. delay in ft. and (R) Increase in big toe 
ank.; good in leg and from 27.5° C. to 
thigh. 29.8° C. 

(L) Mod. delay in ft.; (L) Increase in big toe 
si. delay in ank.; good from 27.4° C. to 
in leg and thigh. 31.1° C. 


(R) Good in all parts. (Not done) 

(L) SI. delay in ft.; 
good in all other parts. 


ank. and leg; good in 
thigh. 

(L) SI. delay in ft.; 
good in ank., leg and 
thigh. 

(R) Mod. delay in leg; 
si. delay in ft. _ and 
ank.; good in thigh. 

(L) SI. delay in ft., ank. 
and leg; good in thigh. 

(R) SI. delay in_ ankT 
and leg; good in ft. 
and thigh. 

(L) Good in all parts. 


R. R. 75 (R) 2 i S.P. (R) Marked delay in ft.; 

(D.M. si. delay in ank.; good 

+ in leg and thigh. 

H.C.V.D.) (L) 1 i 0 (L) Mod, delay in ft., 

ank. and leg; good in 
thigh. 

*For explanation of notations of the histamine test see text. 

tTh. = Threshold in seconds. 

tC. T. = Clearing time in seconds. 

°S.P. = Scarcely perceptible. 

D. M. =Diabetes mellitus. 

A. F. = Auricular fibrillation. 

R. H. D. = Rheumatic heart disease. 

H. C. V. D. = Hypertensive cardiovascular disease. 


(R) Skin temp, of big 
toe = 27.5° C. 

(L) Skin temp, of big 
toe = 30.5° C. 

(R) Increase in big toe 
from 24.7° C. to 
29.8° C. 

(L) SI. increase in big 
toe from 26.7° C. to 

28.0° C. 

(R) No change in big 
toe — 30.3° C. to 
30.8° C. 

(L) No change m big 
toe-30.2° C. to 
.30.8° C. _ 

(E) IncreasHn^toe 

from 27.5° C. to 
30.5° C. . , 

(L) No change m big 

toe-27.6° to 2(.3 C. 
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1 

Measure the Function op the Larger Vessels (Oscilwmetry anh Theumometry), and 
LAT iON (Histamine and Eeactive Hyperemia Eino Tests). 



reactht: hyperemia 

RING TEST 


PERIOD or 
symptoms 


j 

THIGH 

1 LEG 

1 ANKLE 

) TOOT 

LESION 

THERAPY 

TH.t 

1S2B 

■TOI 

mm 

mm 

C.T. 

ISfl 

IBB 



(E) 

70 

50 

78 

105 

78 

125 

58 

155 

Cellulitis in 

Atropliv of 

Ind. short 









left ft. fol- 

skin and 

wave to 










lowinj; tc- 

nails. Big 

spine. In- 

(L) 

73 

7o 

75 

105 

73 

120 

48 

90 

inovni of in- 

toe of left 

termit. 









grown toe 

foot is liot 

vonoiiJ^ DC- 










nnil 3 nio. 
before 

and red. 

elusion. 

(E) 

78 

00 

OS 




S3 

155 

Coldnr.cs of f(. 

til. drvness and 

Ind. .short 









for 1 yr. 

scaling of 
skin. Pallor 

wavo to 
ppino. 


(L) 

70 

55 

1 




78 

no 

1 


on elevation 
and si. rubor 
on depend- 
ency. 




(i<) 


75 

OS 

130 

S5 

145 

110 

MM 

Acute onset of 

Scale .skin. 

Ind. short 




1 






pain in rt. 

Pallor in rt. 

wave to 

(L) 

58 

03 




i 

1 


ft. for 2 wk. 

ft. on clova- 

spine. Pa- 

03 

130 

! 

to 

155 

j 

9S' 

1 

135 

1 


tion. 

j>avcnnc. 

(E) 

oH 

80 

58 

80 

OS 


78 

200 ’ 

Pnin in left 

Pallor on ole- 

Discharged, 

(L) 

03 

80 

75 

145 

9S 

■ 

118 

■ 

calf for 5 mo. 

vation and 
rubor on do- 
I)endcncy. j 


U<) 

bS 





1800+ 

Co 

420 

Pnin and Bwoll- 

Eed, swollen rf.l 

Eeferrcd to 










ing of rf. ft. 

big too with 

surgery. 

(L) 

os 





570 

113 

ISO 

for 1 yr. 

si. ulceration. 
Atrophy of 








1 



rt. leg mus- 
cle. 


(E) 

/y 

UD 

to 

90 

to 


105 

■RlHM 

Inteniiiffent 

Atropliy of 

lad. short 










claudication 

skin and 

wave to 

(L) 

75 

55 

75 

100 

85 



1 

of left leg 
for 7 mo. 

nails. 

apino. 

(K) 

by 

90 

7S 

120 

75 

250 

110 

900 

Nocturnal pain 

Atrophy of 

Ind. short 










for ] yr. 

skin and 

w.avo to 

(L) 

os 

70 

75 

145 

08 

000 

110 

840 

Also intor- 
niilfent 

Hails. Eubor 
of ft. at 

ppine. In- 
termit. 

rTf\ 


■■l 







claudication 

heart level. 

vcnoii.s oc- 
clusion. 




65 

05 

75 

1800 

no 


Intermittent 

claudication 

Cellulitis of 
left ft. 

Conservative 

treatment. 

(L) 

85 

100 

85 

900 

85 

3000 

95 

B33I1 

for 2 yr. in- 
fection of 










■ 

left heel for 
2 mo. 
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Table I 


SUBJECT 

AGE 

OSCILLOMETRIC 

READINGS 

THIGH 1 LEG 1 FOOT 

HISTAMINE TEST* 

SKIN TEIIPERATURE 

M. P. 

(D.M.) 

V(i 

(Not done) 

(R) Marked delay in 
lower ft. and ank.; si. 
delay in upper ft., leg 
and lower thigh; good 
in upper thigh. 

(L) Amputated. 

(R) No Change in hie 
toe-y2S.5° to 28.8° C. 

(L) Amputated. 

Males 

A. L. 

(D.M.) 

50 

(E) 3 

(L) 1 

li 

1 

0 

0 

(R) SI. delay in ft. and 
ank. ; good in leg and 
thigh. 

(L) Marked delaj' in 
ank.; si. delay in ft.; 
good in leg and thigh.' 

(E) No change in hig 
toe— 2G.G° C. to 20.5° 

C. 

(L) No change in big 
toe— 2G.G° C. to 2C.8° 

C. 

M. T. 

62 

(E) 5 

(L) 21 

1 

i 

X 

a 

(Not done) 

(R) Increase in big toe 
from 28.5° C. to 30.5° 

C. 

(L) Increase in hig toe 
from 24.9° C. to 29.8 

C. 

N. L. 

63 

(R) 1 

(L) 4 

S.P. 

0 

0 

0 

(R) Marked delay in ft. ; 
mod. delay in leg; si. 
delay in anlc. and 
thigh. 

(L) SI. delay in ft. and 
leg; good in ank. and 
thigh. 

(Not done) 

J. S. 
(D.M.) 

66 

(Not done) 

(R) Mod. delay in ft.; 
sl. delay in ank. ; good 
in leg and thigh. 

(L) Good in all parts. 

(B) Increase in big toe 
from 2G.7° C. to 32.0° 

C. 

(L) Increase in big toe 
from 27.G° C. to 30.5° 

C. 

■ 

59 

(K) i 

(L) 3 

0 

3 

0 

0 

(E) Marked delay m ft. 
and ank.; Mod. delay 
in leg; good in thigh. 

(L) Marked delay in ft. ; 
sl. delay in ank.; good 
in leg and thigh. 

(B) Sl. increase in uig 
toe from 28.7° C. to 
29.8° C. 

(L) Sl. increase in big 
toe from 29.1° C. to 
29.8° C. 

S. M. 
(D.M.) 

61 

(E) 3 

(L) 5 

4 

9 

0 

0 

(R) Sl. delay in all 
parts. 

(L) Sl. delay in all parts. 

(B) Increase in lag toe 
from 28.3° C. to 30.o 

c. . 

(h) Sl. increase in big 
toe from 30.2° C. to 
31.1° 0. __ 

M. L. 

(D.M. 

+ 

Lues) 

69 

(R) 61 

(L) 21 

3 

3 

0 

0 

(R) Marked delay in ft.; 
sl. delay in leg; good 
in ank. and thigh. 

(L) Marked delay m 
ank. and leg; mod. de- 
lay in ft.; good m 
thigh. 

(R) oKin temp* ° 

toe = 25.1° G 

fL) Skin temp, of H 
toe = 2G.0° C. 




































m I’Ai.MA irr ai 
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-C’ONT ’n 
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Table I 


SUBJECT 

AGE 

OSCILLOMETRIC 

READINGS 

histamine test* 

SKIN temperature 

THIGH 

LEG 

FOOT 

P. D. 

(D.M.) 

61 

(E) 2 

(L) 21 

i 

S.P. 

S.P. 

i 

(E) Mod. delay in ank. 
and leg; si. delay in 
ft.; good in tliigh. 

(L) Mod. delay in ank. 
and leg; si. delay in 
ft. and thigh. 

(E) No change in big 
toe— 28.0° C. to 26.6° 

c. 

(L) Increase in big toe 
from 25.5° C. to 274° 

C. 

S. S. 
(D.M.) 

53 

(E) 

(L) i 

i 

0 

0 

(E) SI. delay in ft. and 
ank.; good in leg and 
thigh. 

(L) Mod. delay in ft.; 
marked delay in ank.; 
good in leg and thigh. 

(E) Skin temp, of big 
toe = 24.1° 0. 

(L) Skin temp, of big 
toe =26.6° C. 

H. S. 

■ 

(E) 8 

(L) 5 

■ 

i 

0 

(Not done) 

(E) Skin temp, of big 
toe = 30.5° C. 

(L) Skin temp, of big 
toe = 28.3° C. 

T. S. 

(D.M.) 

68 

(E) 3 

(L) i 

3 

S.P. 

0 

0 

(E) SI. delay in ft., ank. 
and leg; good in thigh. 

(L) Mod. delay in ft. 
and auk.; good in leg 
and tliigh. 

(E) SI. increase in big 
toe from 22.8° C. to 
23.6° C. 

(L) SI. increase in big 
toe from 24.0° C. to 
25.6° C. 

B. S. 

67 

(B) i 

(L) li 

i 

1 

0 

0 

(E) Marked delay in 
ank.; mod. delay ia 
ft. and leg; si. delay 
in thigh. 

(L) Mod. delay in ft.; 
si. delay in ank., leg 
and thigh. 

(E) Skin temp, of big 
toe = 28.9° C. 

(L) Skin temp, of big 
toe = 28.4° C. 

M. S. 
(D.M.) 

69 

(E) 9 

(L) 6 

6 

3 

i 

i 

(E) SI. delay in ank. 
and ft.; good in leg 
and thigh. 

(L) SI. delay in ank.; 
good in ft., leg and 
thigh. 

(E) No change m mg 
toe— 27.4° C. to 26.1 

(L) No change m big 
toe— 28.7° C. to 2i.i 
C. __ 

7M Skin temp, or mg 
toe = 31.4° C. 

(L) Skin temp, of big 
toe = 31.0° 0. 

A. W. 

35 

(E) 5i 

(L) 

1 

i 

0 

(Not done) 

N. L. 

74 

(E) 2 

(L) 2i 

1 

0 

0 

(E) Marked delay from 
ft. up to knee; good in 
thigh. 

(L) (Not done) 

(E) SI. increase I 
toe from 20./ o. 
28.0° C. . 

(L) No change m big 
^ toe-26.9° C. to 26.5 
C. 
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— Cont’d 


REACjriVE HYPEREMIA KING TEST-t 


thigh 

LEG 

ANKLE 

FOOT 

SYMPTOMS 

TH. 

C.T. 

Esm 



mSM 

mm 

C.T. 

(E) 85 

95 

95 

350 

68 

1200-4 

95 

1020+ 

Intermittent 








claudication 
for 1 yr. 




70 

290 

83 

2400+ 

65 

330 

Nocturnal 
pain for 2 









mo. 

(E) 68 


70 


73 


88 


Intermittent 
claudication 
for 1 yr. 


(L) 78 


88 


S3 





Uibl 

115 

150 

roa 

150 

143 

210 

Intermittent 








claudication 
for 6 mo. 


(L) no 

120 

120 

200 

95 

500 

140 

2400+ 


(E) 90 


■Etll 


wm 


165 

435 

Intermittent 



1 





claudication 
in left calf 



115 


I 



170 

2400 

for 3 mo. 
Nocturnal 




■ 





pain. 

(B) 95 

200 

120 

1804 

140 

1800 

240 

3000 

Amputation of 









2nd toe of 
left ft. 6 yr. 
before. Pain 

(L) 85 

140 

95 

175 

135 

190 

140 

900+ 

in rt. ft. for 
4 mo. 

(E) 48 

35 

53 

40 

60 

240 

43 

360 

Gangrene of 









toes of both 

(L) 48 

30 

58 

100 

58 

150 

58 

1800 

ft, following 
radiant heat 









to ft. 2 wk. 
before. 

(E) 90 

145 

110 

1800 

140 

5400+ 

150 

3600 

Infection and 









amputation 

(L) 125 

200 

150 

900 

125 

2400+ 

170 

2400+ 

of 4 toes on 
left ft. dur- 









ing preceding 
10 yr. 

(E) 75 

50 

75 

70 

no 

360 

80 

5400 

Intermittent 









claudication 

(L) 55 

40 

GO 

180 

70 

480 

90 

3600 

for years. 
Redness and 









Swelling of 
rt. ft. for 6 









wk. 


LESION 


(B) Eose spots 
over dorsum 
of ft. (L) 
Gangreue of 
4th and 5th 
toes. Sec- 
ondary infec- 
tion. 


Small ulcers on 
both legs. 
Pregangren- 
ous appear- 
ance of left 
big toe. 


Atrophy of 
skin and 
nails. Marked 
rubor at 
heart level. 
Impending 
gangrene, L 
ft. 


Atrophy of 
skin and 
nails. 


Marked atrophy 
of skin and 
nails. Eose 
spots on both 
ft. Et. big 
toe, red and 
swollen. 


Gangrene of 
toes. Atrophy 
of skin and 
nails. 


Infected fissure 
between 3rd 
and 4th 
metatarsals 
on left ft. 
Small ulcers 
of skin. 


Gangrene of rt, 
ft. 


THERAPY 

Amputation 
of loft leg. 


Intermit, 
venous oc- 
clusion. 

Ind. short 
wave to 
spine. 

Ind. short 
wave to 
spine. . In- 
termit. 

I venous 
occlusion. 


Ind. short 
wave to 
spine. In- 
termit, 
venous oc- 
clusion. 

Referred to 
surgery. 


Intermit, 
venous oc- 
clusion. 


Ind. short 
wave to 
spine. Con- 
servative 
treatment. 


Referred to 
surgery. 
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Table 


Patients Followed Over a Period of Time, Illustrating the Yalee 


SUBJECT 

AND 

DIAGNOSIS 

AGE 

OSCILLOMETIO 

READINGS 

HISTAMINE TEST* 

SKIN TEMPERATURE 

' ' 

THIGH 1 

LEG 1 

FOOT 

Females 

H. M. 

(R.H.D. 

+ 

A.F. 

+ 

Embolus to 
left 

femoral 

artery.) 

49 

(R) 3 

(L) i 

2 

0 

1 

4 

0 


(R) Skin temp, of hig 
toe = 33.0° C. 

(L) Skin temp, of big 
toe = 28.7° C. 

(R)' 2 

(L) 4 

35 

0 

0 

0 


(R) No change in big 
toe— 27.1° C. to 26.6° C. 
(L) Increase in big toe 
from 29.3° C. to 30.4° C. 

(R) 24 

(L) 4 

45 

i 

i 

0 

(R) SI. delay in ft., ank. 
and tliigli; good in leg. 

1 (L) Marked delay in 
ank.; si. delay in ft. 
and thigk; good in leg. 

(R) Skin temp, of big 
toe = 29.5° C. 

(L) Skin temp, of big 
toe = 30.2° C. 

(R) 4 1 

(L) i 

5 

i 

5 

i 

4 

S.P. 



0 

0 

(R) SI. delay in ank., leg 
and tliigli; good in ft. 
(L) Mod. delay in ft. 
and ank., good in leg 
and thigk. 

(R) Skin temp, of big 
toe = 28.6° C. 

(L) Skin temp, of big 
toe = 28.1° C. 

L. D. 

(D.M. 

+ 

Arterio- 

sclerosis 

obliterans) 

52 

(R) 14 

(L) 4 
















- 





^ — 


See text for explanation of notations of the histani 


fTli. = Threshold in seconds. 
tC. T. = Ciearing time in seconds. 
D. M. = Diabetes mellitus. 

p. = Auricular fibrillation. 

R. H.D. = Rheumatic heart disease. 
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III 


OF THE Reactive Hyperemia Ring Test in Evaluation of Therapy , 


REACTIVE HYPEREMIA RING TEST 


THIGH 1 

LEG 

[ ankle 

1 FOOT 


HBH 


Esa 

mm 

Wm 

mi 

C.T. 

(R) 35 

1 

90 

35 

130 

35 

120 

30 1 

180 

(L) 53 

90 

1 

40 

75 

20 

140 

40 

90 

(E) 


35 

200 

35 

200 

54 

390 

(L) 

1 

60 

255 

' 45 

255 

58 

1200+ 

(R) 43 

65 

43 

93 

43 

100 

45 

105 

(L) 68 

60 

1 

58 

SO 

48 

200 

1 

58 


(R) 38 



65 

50 


53 

85 

(L) 58 


1 

48 

1 

68 

1 

■ 

58 

1 

240 

(E) 73 

65 

73 

100 

73 

160 

85 

150 

(L) 58 

45 

68 

140 

90 

225 

so 

340 

(R) 73 


73 


75 

175 


440 

(L) 65 



130 

85 



3600+ 

(R) 75 

70 

75 

250 

90 

320 



(L) 85 

100 

90 

255 

115 

1200 



(R) 68 

70 

68 

170 

65 

330 

so 

245 

(L) 75 

110 

85 

250 

98 

720 

ISO 

1200 

(R) 90 

80 

85 

85 


450 

110 

900 

(L) 80 

85 

85 

110 

98 

1 



3600+ 


PERIOD OF 
SYMPTOMS 

LESION 

THERAPY’ 

Tingling and 
burning sen- 
sations in 
soles of feet.l 

SI. pallor of left 
ft. as compared 
to rt. 

None. 

E.xtreme pain 
and coldness' 
of left leg 
and ft. for 
12 hr. 

Pallor of left leg 
and ft. 

Hu.sky cyanosis 
of toes. 

Ind. short 
■wave to 
spine. 

Oscillating 

bed. 

Papaverine. 


(3 nio. on opcillnting beil) 


(1 mo. after cessation of oscillating bed 
therapy.) 

(Complete recovery) 


Ulcer of left 

(R) SI. atrophy 

Ind. short 

ft. for 1 yr.i 

of skin and 

wave to 

Nocturnal 

nails. (L) 

spine. 

i 

pain. 

Healed ulcer 
over ext. mal- 
1 leolus. Pt. 
swollen and ery- 
thematous over 
dorsum. 

(Put on oscillating bed) 


(3 wk. on oscillating bed) 



(Great clinical improvement) 
(Nails starting to grow again) 
(6 wk. on oscillating bed) 


(Thermostatic heat cradle applied) 
(Exacerbation of symptoms) 

(10 wk. on oscillating bed) 
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indicated by Jtontgomery, et al.,‘ « great amount of information is 
therefore derived from such studies in oiear-eut oases of organic ohlitera 
tive disease of the arteries, except as collateral evidence. 

One interesting observation, not generally made, was that the skin 
temperature in the most affected extremity was frequently higher than 
that of the least affected extremity; this occurred in the absence of 
demonsO-able inflammatory lesions. It is evident that some natural 
mechanism exists whereby the remaining vascular channels open up 
once the blood supply to an extremity has reached a certain degree of 
obliteration and after the obliteration has persisted for a period of time. 


Again, oscillometric readings and reflex dilation tests do not ordinarily 
reveal this improvement in . the local circulation. The need of a means 
of accurately ascertaining the functional capacity of the finer circulation 
is thus strikingly brought fortli. Indeed, as will be demonstrated later, 
the lesions mxd sifm-ptomatology are far more exactly related to the fimc- 
tioiwl capacity of the finest vessels than to that of the larger arterial 
trunks. Evidence lias also been previously presented^ that there is an 
expected and natural ageing of these fine vessels which is entirely 
independent of arteriosclerosis of the larger vessels. Furthermore, the 
influence of pronounced seasonal changes on the responsiveness of these 
fine vessels in relation to outside tempei’ature must not be overlooked.*^ 

The Histamine Test versus the Reactive Hyperemia Ring Test. — The 
histamine test, as indicated above, was done to corroborate the results- of 
the segmental R.H.R.T.f ^^^Ien the histamine injection caused a wheal 
to appear at a particular site wdthin two and one-half minutes, the re- 
sponse was regarded as normal; when the wheal appeared within five 
minutes it was regarded as slightly delayed, and, in ten minutes, as 
moderately delajmd; failure to appear within ten minutes constituted 
a greatly delayed reaction. No attempt was made to appraise the ap- 
pearance and disappearance of the local red reaction and arteriolar flare 
in these tests because they were found to be too variable. 

As shown in Table I, there was a fair correlation between the degree 
of delay in the histamine responses and the extent of symptoms and 
lesions. However, there were many cases of marked discrepancy. In 
Case F. E., in the male group, the patient had only moderate delay in the 
anlde and slight delay in wheal formation in his left foot, but he had 
one of the most severe lesions of the group, namely, gangrene of the 
fourth and fifth toes. On the other hand, in Case M. L., also in the 


*It Is unfortunate that during the course of this investigation YitljularSns in 
make accurate observations on the nlcidence artenosclerot c 

relation to the seasons. It is the authors casual observat , greatl.v 

her of admissions and the morbidity of rmintv Hosoital. Since such 

increased in midwinter on the v^ious sei^ces of &ngs C y other causes, no 

a seasonal variation in the number of the effects of season on peri- 

sound conclusion may be drawn. An extended study of the eitecis 

pheral vascular disease is desirable. w tiip abbreviation 

tHereafter, the reactive hyperemia ring test will be indicated by the abbrevia 

K. H. R. T. 
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male gi-onp, there tvcvo markedly delayed MsUmiiiic reaelioiis_ o.i the 


as 


right foot, but only slight atrophy of the skin and nails of tins foot u. 
found on examination. 

Since the clearing time of the R.H.E.T. has been sho^vu to be related 
to the rate of blood flow in the skin,^- == and the length of tunc rcciuired 
for the histamine wheal to appear is also said to be related to cutaneous 
blood flow,^’ ® a comparison of the relative worth of these two tests 
can be made. Considering these tests only in the foot and ankle, it may 
be seen from Table I that most histamine wheals which were interpreted 
as normal corresponded to a clearing time of less than 300 seconds. 
Those which Avere slightly or moderately delayed fell in a group of clear- 
ing times of less than 500 seconds, although some corresponded to clear- 
ing times of 1,000 or more seconds. A marked delay in Die appearance 
of the histamine wheal in a few cases accorded ivith a clearing time of 
over 2,000 seconds. Paradoxically, in some patients a greatly delayed 
histamine Avheal ivas obtained ivith clearing times of less than 2o0 
seconds, and in the presence of a clinically good skin circulation, ivitli 
absence of marked symptoms and lesions. The converse also was not 
infrequently noted (Table I). 

To what causes these apparent deficiencies in the histamine wlieal tost 
may be ascribed cannot be immediately ascertained. A closer survej' of 
the exact relationship of the segmental thresholds of reactive Jiyperomia 
in the skin of the lower extremities and the extent of vascular oblitera- 
tion and sj^mptomatology may now be undertaken, not only to e.xplain 
this paradox, but also to ascertain whether, in the r|unnlilation of the.so 
thresholds, a better means of evaluating the functional loss of the cutane- 
ous circulation is not rcadify ai-ailable. 

The of the Type of the Lesion and the Itesulis of the Re- 

active Hyperemia Ring 2'esf.— These results must be considered against 
a background of the natural segmental and ageing characteristics of the 
skin of the loiver extremities.*^' Since most of our subjects were in the 
fifth and sixth decades, the normal for these patients may be briefly 
stated. There is a gi’adual rise in tlie threshold of I’cacfive liA’peremia 
caused by local ischemia which rises from about 50 to 75 seconds in the 
upper pait of the thigh to about 90 to 200 seconds in the doi’sum of the 
foot, and the corresponding clearing times rise from about 60 t,o 90 
seconds in the thigh to 100 to 300 seconds in the foot. In a feiv isolated 
cases, the elearing time normally may be as high as 600 seconds in the 
skin of the ankle and foot. 

Invariably, in all the cases of arteriosclerosis obliierans which we 
studied, the segmental thresholds of reactive hyperemia in the lower ex 
tremities ivere in oio ivmj significantly different from the expected normal. 

is held true for the patients wdth minimal symptoms and signs, as well 
asjOT those with far-advanced lesions, such as gangrene of the toes. 

‘For a complete account of this subject, see preceding article in this issue. 
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Indeed in some instances the threshold was considerably lower on tl,P 
affected side. Case M. F,, Table I, is a good example of this. 

_ It is well known that dilation of small vessels oecnrs even when the 
eirenlation is completely occluded in acute experiments/" and it has 
further been shown that the threshold of reactive hyperemia caused by 
local ischemia in the skin is not altered under these conditions.^’ " What 
occurs when various grades of occlusion are maintained over periods of 
weeks or months has not been studied. Since these patients with oblitera- 
tive vascular disorders really constitute a naturally conducted experi- 
ment along these lines, the results of this study actually supply the 
answer to this problem. 


It is at once distressing and gi-atifying to know that there is no 
diminution in the capacity of these fine skin vessels to respond by re- 
active hyperemia to local ischemia in eases of long-standing obliteration 
of the vascular tree. It is disturbing, for it indicates that therapy which 
aims to improve the capacity of these fine vessels, such as mecholyl 
iontophoresis, local heat, intermittent venous occlusion, etc., are super- 
fluous unless, of course, they also appreciably improve the blood supply 
to these fine vessels, especially in instances of advanced obliteration of 
larger arterial trunks. That these therapeutic agents are capable of 
achieving this in periplieral vascular disorders has not yet been thor- 
oughly proved.^"’ On the other hand, it is pleasing to learn that, 

even with extreme degrees of obliterative disease, continuing over a 
period of j^ans, the ability of these fine vessels to respond by hj^peremia 
to local ischemia is in no way impaired. This indicates that therapeutic 
procedtires nm-st aim largely at improving local blood floiv, and. need not 
induce hyperemia. Perhaps this explains the success of such methods as 
Buerger ’s exercises and the o.scillating bed, which passively increase local 
blood flow without causing dilation of vessels. Vice vmrsa, the failure of 
the intermittent venous occlusion devices and the suction boot, which 
primarily produce intense hyperemia as a means of increasing blood 
flow, is explicable in the same way." 

When the clearing times of the R.H.R.T. were compared with the 
sj^mptoms and extent of the lesions, an excellent correlation was found. 
The patients "wei’e gvouped as indicated in Fig. 1. Many patients vho 
^vere referred to us with a diagnosis of peripheral vascular disease had 
no discernible lesions of their extremities. Ho^vever, on performing a 
modified plantar ischemia test,'' slight pallor was noted with elevation, 
and some rubor ivith dependency, of the feet. This group of patien s, 
along Avith perfectly normal ones, ivere placed in Group I, )™ereas 
Group II, in addition, had some atrophy of the skin and nails. o 
Group III were assigned those patients who, besides presenting i 
lesions above mentioned, also suffered from nocturnal pam and clau i 
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„£ sue. cl.^ce ILoy .eve noC al.le 
citv blocks at a .nodevate pace bclovo they tvevo f»' “ ”1 onon cpc 

T1 CSC echo presented the tvcll-knoevn syndrome nl .,, , c, d. 

_ ...ji noiliiU yniiirveiio. m uionp > • 



Group I * Pdllor on CtevO^ion; Rubor on Dcpenilenc/ 

CroupH- Atrophy Of SKin dnd NoUj 

GfOupHI- Noctufndl Pdln; Severe Cloudicotion plua Ltiioni Above 
CroupII= Impending Gangrene; Red, Swollen reel* Shin Lesionji In/rclion 
Group2- Gangrene 


Fiff. 1. — Tlie clearing- tinie.s of the reactive liypereniln line test In tlie ankle nin! 
foot are plotted against the severity of symptoms and extent of lesions, as groii|>ed 
above. Patients rnarkeci by asterisks luul recolvetl trealnienl whirli inaib* tlndr b'situis 
worse (see text for discussion). 


As is shown in Fig. 3, the elcaring time of the IMI.!?.'!’. was longer iti 
proportion to increasing .severity of the iesion.s. 3'lin.s, all patients in 
Group I had a clearing time of le.s.s than 300 seconds-, those in Groini II, 
one of 200 to 600 seconds; tliose in Orouj) III, ojie of 400 to 000 seconds; 
and those in Group IV, one of 1,000 to 3,000; those in Group V generally 
had one of 3,000 seconds or over. It is inloro.sling that two patients 
who fell outside the general mean (marked by jislei’isks in Fig, 3) htid 
received a form of Ircatmenl which caused a lesion more iidvaintcd thau 
the degree of their ohlitcvative proce.s.s would indicate tliiit they .should 
have had. These ivere S. S., of the femiile.s ('Pahle I), who htid tin in- 
grown toe nail removed, and ]\r. S., of the male.s (Table T), who aeiinired 
gangi-ene of his toes after the apidication of radiant heat to his feet. 

Since the clearing time lias been rejioatcdly .shown by various means 
to be directly related to blood flow in the smallest vc.sscis of the skin,'- ” 
the implication of these result.s is obvious. The skin lesions which any 
patient will incur in the course of his vascular disease is a result, not 
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Of a diminution in tlie ability of these line vessels to 

by reactive hyperemia, but simply of the degree of slowing of blood Hom 

within them. 

The Ecactivc Hyperemia Ring Test in- Gases of Emhohsm.—^egmenia 
quantitation of the threshold and clearing times of reactive hyperemia 
in the skin of an extremity with an embolus in its major artery was 
foiuid to be not only an excellent aid in indicating the form of therapy 
to be used, but also a prognostic method. Two illustrative cases are 
listed in Table II. Both patienls were referred to us with a diagnosis 
of embolism of the femoral artery. In ca.se L. L. (Table II) the patient 


was found, clinically and oscillometrically, to have all the signs of this 
condition. However, the B.II.II.T. showed readings which nere not fai 
from normal down to the ankle, and, in the toot, no worse than had been 
observed in many cases of long-standing arteriosclerosis obliterans. Con- 
sequently, conservative therapy was instituted, with satisfactory results. 

On the other hand, in ease A. H. the patient presented a much more 
serious clinical picture and the f|ue.slion of performing embolectomy 
arose. Because the B.H.K.T. showed a remarkable rise of threshold and 
clearing time, even in the thigli, and com])lete absence of any response 
in the leg and foot, even after ai)plieation of local ischemia for a period 
as long as 10 minutes, it was felt that a surgical ])rocedurc was indicated, 
and that the limb could not bo saved by conservative measures. Un- 
fortunately, the patient died of cerebral embolism before she could be 
operated upon. 

In the interest of brevity, no other similar cases will be described, but 
it is clear that wlien it is impo.ssible to obtain a hy])ercmia rosi)onsc after 
application of the weighted ring to the skin for a reasonable period of 
time (10 minutes), not only is there complete cessation of blood flow 


in these line vessels, but, also, irreparable damage has probably taken 
place. Tills statement is made because, in acute experiments, in which 
complete stagnation of blood flow is produced by a tourniquet, the hy- 
])eremia response is easily obtained,’’ = and it is only the clearing time 
which is markedly altered. In addition, even with systemic {inoxemia 
of only 30 minutes’ duration, there is a very marlced decrease in the 


sensitivity of these fine vessels,’^ indicating that prolonged oxygen lack 
maj”^ cause extensive damage. 

When, however, with embolism of a major artci-jq the segmental 
thresholds and clearing times do not differ significantly from those in 
cases of the mo.st severe arteriosclerosis obliterans (sec Table I), it is 
reasonable to assume that the limb can be saved by conservative measui’es 
One such case is H. M., in Table III. 

Evaluation of Therapy hj Meam of the Reactive Hyperemia Rina 

I'IrTrr T? 0’^ Patient H. m'. 

Table III, before complete embolism of the left femoral arterv had 

taken place. She was referred to us because she complained of tingling 
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and burning sensations in the soles of her feet. Despite the presence of 
auricular fibrillation, and because her skin circulation was so nearly 
normal, it was felt that the diagnosis of embolism was questionable and 
that she might instead be suffering from an obliterative vascular dis- 
order. Twelve hours later, however, she experienced sudden, sharp 
severe pain in her left foot. At this time the E.H.R.T. showed a remark- 
able change. Clearing times were more than doubled in the affected leg, 
and, in the foot, rose to over twenty minutes. Noteivorthjq too, is the 
fact that the oscillometer readings did not change significantly. She 
was treated with an oscillating bed and indirect short wave diathermy 
to the lower part of the spine. Three months later the clearing times 
had returned to almost normal levels, and one month later, after cessa- 
tion of hospital treatment, she showed even further improvement, with 
complete symptomatic recovery (Table III). 

Anotlier patient (L. D., Table III) is illustrative of the conservatism 
needed in the treatment of advanced obliterative vascular disease. 
Early in the fall her E.H.R.T. showed slight impairment of the skin 
circulation. She was given conservative treatment, but, because of her 
lack of cooperation, her lesion became worse, and she was forced to enter 
the hospital in December.^ The clearing time of the E.H.R.T. in the 
foot rose to more tlian one hour at this time. She was put on an 
oscillating bed. At the end of three w’eeks the E.H.R.T. showed an even 
greater slowing of skin circulation, but at the end of six weeks there had 
been consideralile improvement, as measured by this test (Table III). 
The clinical picture also was changed for the better. The nails had 
started to grow afresh, and tlie nocturnal pain was much diminished. At 
this time it Avas thought that a thei’mostatic heat cradle, applied to the 
feet, Avould speed reeoveiy. The thermostatic mechanism failed to work, 
hoAvever, AAdiich permitted the environmental temperature about the feet 
to rise to excessive levels. There Avas again an exacerbation of symptoms, 
and the E.H.R.T. shoAved sloAving of skin circulation almost to pre- 
therapy levels. 

In the aboAm eases, therefore, the E.H.R.T. Avas the only criterion 
upon Avhich reliance could be placed in folloAA'ing the course of therapy. 
It is Avell ImoAAm that oscillonietric readings are rarely improved bj 
therapy. Thermometry is more useful for Amsodilation tests and^ in 
Amsospastic disorders than in arteriosclerosis obliterans. The histamine 
test is not quantitatiAm enough to be an accurate guide of the effieacj o 
therapy. Plethysmographie studies are beyond the scope of ordmar.v 
clinical facilities. A simple, reliable bedside test Avhieh is capa e o 
indicating the local blood fioAV in the skin is the clearing time o 
R.H.R.T. This should prove to be Amluable because it is the eircula ion 
in these finest vessels upon Avhich ultimately rests the maintenance o e 


♦This case illustrates the authors’ .observation th^ seasona^ cli^|es may^aUer^tj^ 

urse of a peripheral vascular lesion « may well be that the 
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tactions of the skin, end tor tvhieU Ihcrnimttic P™™;'"™’; 
stituted, and it is these which dclcrmme i-esislancc against infcclions , 

pregaiigrenous changes. 

SUMMARY AXD CONCLUSIONS 

Twenty-four cases of typical arteriosclerosis ohlitcrans were carefully 
studied bv the usual oscillomctric and thcrmomctric methods and hista- 
mine wheal tests, and also hy ascertaining the segmental thresholds of 
reactive hyperemia in the lower extremities, using a method recently 
developed. The relationships of these tests to each other and to the 
natural gradient and ageing variations of reactive hyjicremia in the hu- 
man skin are described. The inadequacies of the several cxi.sting tests 
are pointed out. A simple reactive hyperemia ring test has been .shown 
to be a reliable means of evaluating the skin circulation of the lower 
extremities in arteriosclerosis obliterans. 

Two cases of embolism of the femoral artery and two patients who 
received a paidicular form of therajiy and were followed over a long 
period of time arc described to further demonstrate the implications and 
value of the reactive hyperemia ring tc.st in these conditions. 

The following conclusions were reached ; 

1. There is no exact correlation between slowing of the .skin circulation 
and oscillomctric reading's. 

2. There is, in general, fair agreement between the delay in histamine 
wheal formation and the clearing time of the reactive hyperemia ring 
test. 

3. The thresholds of the reactive hyperemia ring tests in the ankle 
and foot are the same as the expected normal for the age gi'oup involved. 
This means that there is no decrease in the cajiaeity of the smallest 
blood vessels of the skin to respond by reactive hyperemia to local 
ischemia, even in advanced stages of obliteration of arterial trunlcs. 

4. The clearing times of the reactive hyperemia ring tests arc directly 
proportional to the severity of symptoms and extent of lesions in the 
ankle and foot. Although the normal clearing lime in the foot is under 
300 seconds, it may rise to over 3,600 seconds in a foot with gangrenous 
changes. 

5. The loss of function of the fine skin vessels, which renders the skin 
susceptible to infection and gi-angi'ene in the ankle and foot, is not 
caused by inability of these vessels to re.spond by reactive liypercmia, 
but merely by a profound slowing of blood flow within them. 

6. In cases of complete embolic obslruelion of the major arteries of 
the lower extremities, the small skin v&sscls may compietely lose the 
ability to respond to local ischemia by reactive hyperemia. On the other 

and, with partial embolic obstruction, or with good collateral blood flow, 

the hyperemia responses are comparable to those in cases of advanced 
arteriosclerosis obliterans. 
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7. Tlie reactive hyperemia ring test offers a simple, exact, objective 
metiiod of evaluating t.he effect of tlierapy, over a long period of time 
upon the skin circulation of the lower extremities. * 

We wish to express our sincere gratitude to Dr. S. E. M. Eeyiiolds, now at the 
Carnegie Institution of Washington. His unfailing inspiration and material aid have 
made this woi'k possible. 
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CARDIOVASCULAE EFFECTS OF DESOXYCORTICOSTERONE 

ACETATE IN MAN 


W. Ea.\b, M.D. 
Burlington, Vermont 


T he fundamental importance of adrenal cortical liormones ^ in 
muscular metabolism and activity is obvious from tbe typical 
muscular adynamia in Addison’s disease and after experimental 
adrenalectomy, and from its abolition tbrougii treatment Avitb cortical 
extracts. Similar phenomena apply to the vascular tone of the blood 
vessels as manifested in the blood pressure level. 

Indications of myocardial -wealaiess after adrenalectomy and in 
Addison’s diseases ivere recorded by several investigators/ '' and the 
heart was found to be markedly reduced in size in these conditions.®’ 

On the other hand, there is also evidence that an excess of cortical hor- 
monal substances is likely to interfere with normal heart action and size, 
as demonstrated by : 

(a) the occurrence of congestive lieai’t failure in patients with adz’enal 
cortical tumors ;® 

(b) the appearance oi marked cardiac dilatation with dyspnea, pul- 
monaiy and peripheral edema in Addison patients treated with an 
overdosage of cortical extracts or desoxycorticosterone acetate;®'^® 

(c) the appearance in the heart muscle of the rat of abnormall}^ 
large amounts of adrenalin-like substances after injections of desoxy- 
corticosterone acetate ; ' 

(d) the presence of an abnormal amount of adrenalin in the en- 
larged and dilated heart muscle of a patient with tumors of the cortex 
who had died from congestive lieart failure.’" 

(e) the production of changes of the electrocardiogram (T waves) 
of dogs through the administration of desoxycorticosterone acetate.’® 
Furthermore the suprarenal cortical hormones appear to participate 
in the maintenance of pathologically high blood pressure levels. Ex- 
perimental renal hypertension is partly dependent upon the presence of 
cortical hormonal material /®' abnormal elevation of the blood pres- 
sure following the administration of cortical sterols has been observed 
in animals®- and in patients with’- or without Addison’s dis- 
ease.®® Hyperplasia and adenomas of the suprarenal cortex are com- 
mon features in persons with essential hypertension.®- 
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RAAB: 

The above-mentioned facts are suggestive of a pathogenic role of 
cortical sterols in the pathogenesis of arterial 
cardial damage and failure. It appeared 

study the effect of such substances upon the normal human hcait and 

vascular sj^stem. „ , . ■ 

Desoxy corticosterone acetate was used for tins purpose since it is t 

most readily available of tbe various physiologically active cortical 
sterols although it is known that other cortical fractions exert a more 
marked influence, at least upon the skeletal muscle. 

Apart from a few experiments in which ‘ ‘ Cortate ’ ’ ■ was used, most 
experiments were carried out with ‘‘Doca. i 



Fig. 2. — Case S. The heart before treatment (inner contour) and immediately fol- 
lowing three daily injections of desoxycorticosterone acetate (50 mg. each) (outer 
contour). 


PROCEDURE 

Eleven healthji^ male students and one patient witli bronchial asthma 
were treated for varying numbers of days (three to fourteen) with 
daily intramnscular doses of 20 to 50 mg., totaling 100 to 330 mg. of 
desoxycorticosterone acetate (d. c. a.). 

The following features were recorded before and during the treatment 
and twenty-four hours after the last injection: blood pressure, pulse 
rate, roentgenogram of the heart, electrocardiogram, body weight, con- 
centration of adrenalin and adi’enalin-like compounds in the blood 
and their "speciflc ratio, effect of adrenalin injection and of pliysicaP® 
exercise upon blood pressure, pulse rate and electrocardiogram. 

BLOOD pressure 

There were no characteristic changes except a moderate rise of the 
systolic pressure in two cases (Cases 4 and 10) at the time of the con- 
clusion of the experiments. 

•Schering. 

tA very generous supply had been received from the Roche Organon, Inc. 
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PULSE RATE 

In eight cases there were no characteristic changes. In three of tlie 
healthy students there was a temporary tachycardia : in Case 4 108 vs. 
84 beats; in Case 10 110 vs. 75 beats, only on the second and tliird days; 
in Case 9 112 vs. 84 beats, only on the second day. 

In Case 12 (a patient with bronchial asthma) a niarlced bradycardia 
prevailed for the duration of the experiment. Tiie pulse rate decreased 
steadily from SO to 48 beats per minute. 




Fig. 3 



■Case S. Electrocarcnogram Leforo aiul four weeks after clesoxycorticostero 

acetate injection. 


DIAMETER OF THE HEART 

In making radiograms of the heart before and aftei the ti eat 
with d. e. a. care was taken to duplicate the position of the diaplna. 
as accurately as possible in order to obtain comparable ijsu s. ^ 

In nine of the twelve eases there were enlargements o . le la 
the heart shadow ranging from +4 to +17 mm. wdi an 
mm. These enlargements concerned only the ventricles ‘ ^ j 

again within about a week after discontinuation of the dm. ( o • 

and 2). 

ELECTROCARDIOGRAM 

The electrocardiograms taken after the d. c. J”'") ,5^ distinct 

with the controls taken before the d.c.a. mjeebons sl.oncd 


RAAB ; 


GARDIOVASCUbAR EFFECTS OP DESOXYCORTICOSTEKONI'; 


ACIvTA'l'iC 




alterations of the "anoxic” type in those two students (Cases S and 9) 
who had received the highest single doses (hO ing. per day), namely, 
lowering or inversion of the T waves and depression of the S-T seg- 
ments which persisted from a few days to as mucli as 4 weeks (h'igs. 
3 and 4). 

A survey of the electrocardiograms of all of the eleven healthy students 
showed that lowering of the T waves was the only ieature commonly 
observed (Table II). It was present in the first lend in six cases, in the 
second lead in eight cases, in the third lead in nine cases, in the fourth 
lead in seven cases. 



Fiff. 4._ 
twenty-four 
week later. 


^’Cfore dc.so.xycorticostorono acetate, 
hours after la.st (Icso.xycortico.stcrone acetate Injection, anil naaln one 


In Case 7 the P wave was almost completely absent in Leads II and 
III (Pig. 5) after the d. c. a. in.icetions. 


The E wave was somewhat lowered in Die tliird lead in five eases. 

In Case 12, a 37-year-old patient with bronchial asthma, emphysema 
a sma heart and some cyanosis, the electrocardiogram was abnormal 
from the beginning. The in.icetions were followed by marked bradv- 
cardia and changes of the P and T waves in the Uirce first, leads and k 
the QES complex in the first lead (Fig. 6). 


Jiuux WiUlUUT 


There was an increase in weight in all instances beginning with the 
day of the first injection and ranging from 1.25 to 6.5 lb. The nvixinn 
weie reached betAveen the second and eighth days of treatment 
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level of adrenal hormones in the blood 

The determinations we done before the tot and f 

After last inieetion. The eoloiimetrie findings obtained with the 

modified method of Shaw- were originally ° 

both adrenalin and of eortieal sterols bound to it - 

recent investigations whieli were carried out upon the si'eB^ 

Dr E 0 Kendall make the direct participation of sterols doubtful and 
make it appear more likely that the icsults are due chiefly to adrenalin 
plus certain adrenalin-like compounds (sjanpatliin? adrenalone . ) . 

effect of adrenalin oh systolic 

BL. PR. INCREASED through PRETREAT- 

MENT WITH DESOXYCORTICOSTERONE 

/ A ,55 ACETATE 

155 / \ 155 „ 


^JO—Cr’ 


Ok b-; 

/ ''xr' 


no 0—0— 0—0. 



Pig. 7. — The blood pressure readings were taRen at intervals of six minutes, before 
and following the subcutaneous injection of 0.4 to 0.5 nig. of adrenalin. Dotted lines, 
before treatment with d.c.a. ; solid lines, after treatment with d.c.a. 


AVhile the behavior of tlie total colorimetric values was found to be 
uncharacteristic after injections of d. c. a., there tvas in all Imt two in- 
stances a fall of the “specific ratio,” indicating a higher proportion of 
adrenalin proper taking part in the total colorimetric findings. 

ALTERED EFFECT OP ADRENALIN INJECTION 

The effect of subcutaneously injected adrenalin (0.4 to 0.5 mg.) upon 
the sjfstolic blood pressure was markedly increased in all six persons 
pretreated with d.c.a. (Fig. 7), Avhile the reactions of the dia.stolie 
pressure and of the pulse rate remained practically unchanged. 
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SPECIFIC RATIO OP 
ADKENAb HORltONES 
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‘Bronchial asthma, abnormally high blood level of adrenal hormones, abnormal electrocardiogram. 
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DESOXA’CORTICOSTEROKE ACETATr: 


In all instances there was a slight lowering oi the T waves in at. least 
TWO leads of the adrenalin electrocardiograms (taken twelve minutes 
after the injection) after pretreatment Avitli d. c. a. compared with tliose 
which had been taken after adrenalin injection without d. c. a. ])re- 
treatment (Table II). 

Table II 


Average Change in the Height op the T Waves Apteh Tue.vtment With 
Desoxycorticosterone Acetate 



P.C.A.* ALONE 

(MM.) 1 

ADUENALINt .S.C. 
(MM.) 1 

rilYSIOAI, EXER- 
(TSEt (MM.) 

Lead I 



-o.:i 

Lead 11 



-0.9 

Lead III 

-L.S 


-0.9 

Lead IV 


-LT ] 

-4.0 


‘Electrocai-aiog-rani ,it rest after treatment \rit)i O.c.ii. cofHpareil with electro- 
cardiogram at rest before d.c.a. 


fElectrocardiogram twelve minutes .after adronjilin injection after pretro.Ttniont 
with d.c.a. compared with eioctrocardiogram twelve minutes after adrenalin Injection 
before d.c.a. 

lElecpoeard/osTam two minutes, after exercise after pretreatment with d.c.a. com- 
pared with electrocardiogram two minutes after .exercise before d.c.a. 


ALTERED EFFECT OF PHYSICAL EXERCISE 

In six cases twenty genuflexions were performed before the fir.sl. sind 
twenty-four hours after the last d.c.a. injection. Tlio react ion.s of 
the blood pre.ssure immediately following exercise did not show any 
significant change (average increase 18 vs. 21 mm. systolic), and neither 
did the pulse rate (average increase 34 vs. 29 beats ])er minute). 

Electrocardiograms were taken two minutes after exercise. In all in- 
stances there was an increased lowering or inver.sion of the T waves in 
at least two leads in the exercise electrocardiograms after pretrcat.ment 

with d.c.a. as compared witli those taken before tlie d.c.a. iniections 
(Table II). 


SUBJECTIVE SEX.SATIOX.S 

In only tvvo eases did tliere occur subjective scn.sat ion.s altributalile to 
the treatment with d. e. a. In one case (Ca.se 4) these consisted of pre- 
eordial oppression on exertion (walking) wliieh began on 11, e third day 
ot the d c a. treatment and di.sappcared again throe davs after the 
latter had been discontinued. In another case (Case 3) with marked 

n aigement of the heart there was some palpitation although the juilse 
rate was not significantly altered. 

.A marked intensification of the palpitation and dvsjmoa foIIowiii«- ll.o 
injection of adrenalin was okserved in four of six cases pretreated with 

■ c. n wo of six protreated eases phy.sical exercise ("enufloxionsl 
caused increased shortness of breath. ° icxions) 


The most characteristic cardiovascular features observed 
„t dca„xycortic„atc..„„e acetate « 


the 

in- 
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ereose ol the diameter of the heart, changes of the electroeardio^am 
of the anoxic type, both at rest and after injection of adrenalin or after 
piij^sieal exercise, and a marked intensification of the effect of iniectcd 
adrenalin upon the blood pressure. 

A close interrelation of the suprarenal cortex and medulla is sug- 
gested by their morphological and vascular arrangement^^’ hy g 
parallelism of their vascular reactions to certain stimuli/'^ by chemical 
relations between cortical lipids and adrenalin, as 
the administration of d. e. a. in the rat is followed by an accumulation 
of adrenalin-like substances in the heart, kidney and liver" and by the 
intensification of the vascular effects of adrenalin through “Cortin.”^® 
The above-described observations on human lieings are confirmatory 
of such a relationship. It appears possible that the effects of d. e. a. upon 
the heart and blood vessels are at least in part brought about by an in- 
crease of the secretion, deposition in the tissues and functional efficacy 
of adrenalin and related substances. 

The blood pressui’c resting level was not significantly altered by the 
administration of d. c. a. while in patients with Addison’s disease^-"'®’ 
and other conditions,^" and in animals^-’ hypertensive reactions have 
been observed after injections of d. c. a. 

The enlargement of the heart which is the logical contrast to the 
diminution of the heart size in adrenal cortical deficiency®' parallels 
tliat observed in Addison patients during treatment with d. e. a.®* 

The regular earl.y increase in bod}’’ weight, which was obviously due to 
the retention of water, must not be interpreted as an indication of 
cardiac failure but rather as “edema of adrenal origin.”®® 

The appearance of “anoxic” changes of the electrocardiogram, chiefly 
affecting the T wave, botli at rest and intensified after physical exer- 
cise and after injection of adrenalin, further stresses the similarity of the 
effect of d. c. a. with tliat of adrenalin.®” It is in agreement with alteia- 
tions of t,he T wave observed in dogs during treatment with d. c. a. 

While the subjective sensations of palpitation and dyspnea were in- 
creased in several of the persons pretreated with d. c. a. aftei phj sica 
exercise and after injection of adrenalin, there was one peison v lo 
complained of angina-like symptoms during and after the ti eat, men vi 
d. c. a. alone. In this case there was also a moderate degree ol me b - 
cardia, a moderate elevation of the blood pressure level, an t le gi ^ 
adrenalin sensitivity in regard to the reaction of the b oo piessuie 

treatment with d. c. a. . -vn-opoTit 

The provocation of anginal symptoms through ^ n 

of analogous observations in persons treated with 
is well compatible with the theory that angina pee oris on ,Qejirdi- 

-by the local anoxia.prodncing effect anoxin 

urn.®®- ®® It seems possible apart from the 

of the heart muscle is also intensified by d. c. a., q 
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fact that abiioriiially intense discharges of adrenalin into the hhwd 
stream immediately following ]ihysieal exercise wore found to bo a ohar- 
aetcristic of angina patients.''' 

Most important appears the question whether or not. d. o. a. as such or 
in combination Avith adrenalin plays any causal role in the pathogenesis 
of so-called “hypertensive” or “idiopathic” heart di.soase, particularly ■ 
in those forms in which little or no coronary sclerosis is involved.' ’ As 
])ointed out in the introduction of this ])apor (items a-ol there exists a 
variety of clinical and experimental facts strongly sugge.stive oi such 
a conception. It is further stressed by the results of the above-discussed 
experiments with dcsoxycorticost crone acetate in normal jici’sons and 
by the pre.scncc of abnormally large amounts of adrenalin and adrenalin- 
like substances in the blood'”"’ and in the heart muscle'’ of jiatients with 
congestive heart failui'O. 

The mutual relationship between dilatation and hypertrophy of the 
heart on one side and abnormally high blood pro.ssure on the other is 
not an obligatory one, as demonstrated by the experimental results 
discussed in this paper and by the not infrequently ohserved but seldom 
mentioned clinical cases of large hearts without hyjiertonsion and with- 
out coronary sclerosis. ITowcvor, the same damaging agent which causes 
cardiac muscular hypertrophy and dilatation may cause in a .similar way 
arteriolar muscular liypcrtrojihy or ai’tcriolar selcrosi.s and thus con- 
tribute to the elevation of blood pre.s.sure. Adrenalin-like compound.s 
have been found in the tissue of arterial walls.’" 

The usual conception of “cardiac” edema as a merely jiliysical 
phenomenon of liemodynamic and liydrostatic natui’o will jirobably 
require a thorough revision with considci-ation of flie hormonal faeloi’.s’ 
iinmlved. 

It should be re-emphasized that dcsoxycorticosterone acetate is only 
one of the “surprisingly large number of steroid derivatives of the 
adrenal cortex, many of which arc physiologically active.”-' Its isolated 
effects as produced experimentally cannot possibly tell the whole story 
of the apparent hormonal pathogenesis of myocardial metabolic and 
structural pathology, but they arc an impre.ssiA'c indicator of the fact 
that cardiology and endocrinology are beginning to overlap to an ex- 
tent which would hardly have been thought of only a few years ago. 

CONCEU.SIOXS 

In healthy young men and in a patient, with In-oneliial asthma the fol- 
lowing effects of draoxycortieost crone acetate (Doca and Cortatc) ad- 
ministered over periods of several days were oli.servcd : 

1. Enlargement of the heart. 

2. Anoxic changes ol the clcctoccxliogran, (persisting fro,,, fc«- 

days to four weeks). t, > jtw 

3. Moderate tachycardia or bradj'cardia. 
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4. Anginal complaints in one case. 

0 . Intensification of the effect of adrenalin upon the systolic blood 
pressure and of the accompanying subjective sensations. 

6. Slightly increased anoxic changes of the electrocardiogram after 
injection of adrenalin and after physical exercise, as compared with the 

■ responses to the same stimuli before pretreatment with d. c. a. 

7. Increase of bodj'' Aveight. 

8. Increase of the relative concentration of blood adrenalin as com- 
pared Avith the amounts of other adrenalin-like substances. 

The significance of the effects of cortical sterols and adrenalin upon 
the cardiovascular system is discussed in regard to the probable hor- 
monal pathogenesis of the so-called “hypertensive” or “idiopathic” 
types of heart disease. 
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THE aVl, aVr, and aVf LEADS 

A Simplification of Standard Lead Electrocardiography 

Emanuel Goldberger, ]\I.D. 

New York, N. Y. 


INTRODUCTION 


CTANDAED Jeacl electroeardiogTams, as Wilson, et al.,^ have said, 
inav be regarded as a eonibination of two curves, each of which 
represents the potential variations during the cardiac cycle beneath a 
single electrode.” In other words, the electrocardiograph, as routinely 
used, may be compared to a sphygmomanometer, which, instead of re- 
cording the actual systolic and diastolic levels of blood pressure, would 
merely indicate the ditference between them (the pulse pressure). Be- 
cause of this inherent defect, standard lead electrocardiography, despite 
its great value for almost forty years, has been limited. These limita- 
tions, in the main, are as follows : 

1. Standard lead electrocardiograms are a composite of two equally 
important unipolar extremity leads^ (the standard lead electrocardio- 
gram is thus a bipolar extremity lead) ; whereas, in the case of precordial 
leads, the indifferent electrode records potentials which have but a minor 
influence on the electrocardiogram. 

2. There is no constant relation between the direction of the deflection 
(upward or doiviiward) and polarity. For example, an upward deflec- 
tion in Lead I may represent five different combinations of polarity at 
that instant, namely. 


a. (-) potential at right arm (+) at left arm 

b. (-) potential at riglit arm (0) at left arm 

c. (-) potential at right arm (-) at left arm, but more (+) than right arm 

d. (0) potential at right arm (+) at left arm 

e. (+) potential at right arm (+) at left arm, but more (+) than rigi arm 

3. The standard leads are taken according to the convention of Em- 

thoven,^ and precordial leads according to that of the American 
Association.® , , 

4. Standard leads cannot be directly compared Avith precordial lea s. 
To obviate these limitations, the use of leads which I’epi'esent 

potentials derived from only one extremity Avas naturally sugges e . 


From the Department of Medicine, Lincoln Heart Associa- 

Presented as a preliminary report at the meeting of the New York Heau 
tion. New York Academy of Medicine, March 24, iy4Z. 

Received for publication Oct. 6, 1941. 
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UnforUinately, not inneh progress was made in this direction beeansc ot 
difficulties encountered in obtaining a simple iiidifinrcnt eleetrode o 
zero potential. (Although the ^Yilson assembly''' serves admirably, it is 
expensive and somewhat difficult, to construct.) Fortunately, thcrelore, 
while studying extremity potentials, I was able to devise a very simple 
indifferent electrode of zero potential which can be const ructed in the 
office in a few minutes.'"' Further, since unipolar extremity potentials, 
as ordinai'ily derived, are small in am])litude and difficult to aiial.Aze, I 
devised a tecliiiiciue of obtaining augmented unijiolar extremity leads 
in order to obviate this defect.'^ 

The system of electrocardiography described below consi.sls, then, of 
the use of the three augmented unipolar extremity leads (the aV- leads) 
and a preeordial lead, as follows : 

1. The lead^ — the augmented left arm extremity lead. 

2. The sYv lead — the augmented right arm extremity lend. 

3. The aVf lead — the augmented left leg extremity lead. 

4. The Vj lead, in which the electrode is placed in the fifth intercostal 
space at the mid-claiieular line. 

For purposes of investigation, however, we arc using the regular series 
of precordial leads, namely, Vj to 



4^ electrical activity In the ventriclo.s. The arrow.o indicate tlie 
wave of f L •’’''sns. ‘''e relative i.olarltfe.s of tlie a^inciim 

wave of actmts. The regre-ssion of electrical activity is not shown. 


PHY.SIOLOGIC PRINCIPLES UNDERLYING THE U.SE OP THE aV- LEAD.S 

The potentials of the aV- leads vary directly with the elect rical axis 
of the heart. This is true for both auricular and ventricular complexes. 
As a consequence, experimental observations on mnscle strips and on' 
t le exposed heart are more or less directly applicable, as will he shou-n. 

For our purposes in this paper, tlic following presentation of physio- 
logic principles is adequate ; 

a. Function in a tissue (for example, heart muscle) is associated with 
t e pioduetion of differences of electric potential.' Active muscle is 
retoely (-) to inactive muscle. 

Vf.Tespectivefjr^'' unipolar extremity leads arc designated VI. Vr. and 
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b. No potential ditieerence is produced by tissue within a zone of 
completely active, or completely inactive, muscle.^'' 

c. The eleetiical forces produced by the heart, therefore, are derived 
froni a transition zone of muscle, either undergoing activation or re- 
turning to the resting state.®" 

d. Duiing activation, the side of the zone adjacent to the resting 
muscle elements (the direction in which the impulse is spreading) may 
be considered (-f), and that adjacent to the active muscle elements as 
(-)®" (Fig. 1). 

e. Further, in the heart the zone may be considered in relation to 
the endocardium or epicardium. If the electrode is placed “facing” 
the endocardium, i.e., within the chambers of the ventricles®" or over 
one of the large valvular orifices at the base of tlie heart, the potential 
will tend to be negative throughout the QRS complex, beeause the 
electrical impulse travels from within outward to the epicardium, and 
the endocardial surface remains relatively (-) to the epicardiaP" (Fig. 
1 ). 

f. Similarly, potentials derived from the right upper extremity are 
normally (-) because “the attachment of the right upper extremity 
to the trunk lies oiiposite the large valvular orifices at the base of the 
heart so that the right arm displays variations in potential similar to 
those that occur in the ventricular cavity. 

The aVr lead may'’ therefore be considered as a quasi-intracardiac 
lead. In like manner, the precordial leads aVf and aVl (usually) may 
be considered quasi-extraeardiac. 

In this paper I have omitted discussion of the regression of electrical 
activity which produces the T wave.®**’ ® 


TERMINOLOG’S’ AND GENERAL REJtARKS 

The leads are always taken so that positivity is represented by an 
upstroke in the record. All measurements should be made in teinis o 
millimeters, NOT millivolts. (In the aV- leads 1.5 cm. = 1 mv, 
whereas in the 23 recordial leads, 1 cm. = 1 mv., 
stances the galvanometer is standardized in the same way'. ) ( lo- • 

P, T, and U waA'es are described as usual. 

For the QRS complex the following situation holds: It must be em- 
phasized that the QRS complex is a single entity, and t la ^ 
reason for separate identification of the individual waAcs is i 
poses of description. With tins m mind, I have comp le 
desire of the American Heart Association to have a standai 
clature applicable to all leads : 

a. QS - an . initial (-) downward deflection, if not followed by an ni>- 
Avard deflection. 
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]). Q = an initial (-) downward deflection, if followed by an np-vvard 
deflection. 

c. R = the first upward (+) deflection. 

d. S = a downward (-) deflection, if present, following R. 

e. R' and R" = additional upward (+) deflections after the first R. 

f. S' and S" = additional downward (-) deflections after the first S. 

To describe the relatiYe sizes of the waYes in a pattern, use small 
and capital letters, as, rS Qr, etc, (Fig. 2 .) 



Fig. 2.- 


-Normal male, aged 28 years. In boU, aV- and precordial leads the standard- 
ization mark rises or falls 1 cm.s 




Normal values for the amplitudes of individual waves are presente 
111 table I. The mathematical relations between standard and unipola 

extremity leads are shown in Appendix A. In Pig. 2 a normal recoi- 
ls shown. 

The <m Jcnd.-Uiililte the aVr or the aVf leads, there is no basi 
nor.., a pattern for an.v of the „aves. P. tho..,,. „s„a.ly (.), I ™ 

!ll ' (1 vfr nnd T are usually (+) Oecasior 

aljy the at I lead reseoAles the aVr lead and QES and T are (-) (Fig 
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The aYr lead . — There is a basic normal pattern of the aVr lead, con- 
sisting of a (-) P; a monophasie (-) QS; an isoelectric ES-T interval- 
and a (— ) T (Pig. 2). Either K or both R and R' may be present 
(Pig. 3&). 

The aY'f lead . — The basic pattern of the aVf lead is just the reverse 
of the aVr lead ; there are a (-p) P ; a monophasie (+) QRS, comprising 
only an R ; and a (-f) T. Either Q or S, or both, may be present (Fig 
3c). 



AURICULAR PATTERNS 

As Avas previously mentioned, the potential (shape) of 
in the aV- leads varies directly Avith the electrical axis of t le auiici 

muscle. Since in the auricle the electrical 

the actual path of the spread of the impulse, n^f the impulse- 

in the aV- leads offers a good clue as to the actual pa i ^ 

This is Avell illustrated in the case of auricular flu er. g 

standard leads the flutter Avaves appear to I cloclnvise 

followed by a long, stroke,- the fact that the mipidse a s ei ^ 
over a 360° path has long been Ajm!! established^ K_,the^a 
are used and the electrical axis oi one co flutter is a 

calculated, it will be seen that t le J ectopic 

modification of a sine curve (Pig- 4). biniiiai j, 
auricular impulses, etc., may be analyzed. 
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TTfrr J Aiirimlnr flutter Tlio suuill box ot tb*’ rSfllit stiows otte rtuttpb'l** uujlou- 
lar cvclcTn Uie be polnle.l out t)mt sir.ee there Is .. “e mis 

movement” in operation, tlie j.oint.s rej.re.sentinjr Uie i.e.ijlnninp nritl etui of tlie m 1< 
ai-e arbitrary. Tlie presence ot a deep Q in tlie aVf lead indicate.^ inyocuidlal d.im.ipi . 


Yi;N'rRlCUI..AU 1‘ATTKUNS 

Without atteiiiptins: to cover the eutire iich1 of elect roeai’tliofrrjijtliy. 
the basic patterns in axis deviation and ventrienlar hypertropliy, aenle 
myocardial infarction, coronary insnffieioney. pericarditis, and jndino- 
nary embolism, and the elcctrocardiojiraphie eiianiics eansed by the 
administration of digitalis will bo de.scribed briefly. 

Axis DevUttion and VcnincnJaf Ihjpo'lrophn . — It Jiiay he staled as 
axiomatic that the potentials of the aVl, aVr. jind aVf leads ;nv func- 
tions of the electrical axi.s of the heart, and fnrthc)’, that the algebraic 
sum of the potentials of these three leads, at a giveii instant, always 
equals zero. This is graphically illustrated in Fig, h. The diagonal 




LL 
“■Vr 

nVf 

of nnfplaT »■<-’ l>ot.'nllul.^ and polurnira 

in vary. 

ricu!ar*or ventSlnr’do”flect^^^^^ 1100011 * 10 ^- m.Mtoud of i”.md Vu‘ll%cri?l’‘\w 
changes from -119® to -121® the T>o\'\rhv />r iWn , ■vvJien ausle a 

becomes + instead of and vice versa, ^ ^ ^ a^iriciilar or ventricular doncctlon 

III the aYr lead when nngle n chnnircs fmm t/> ri* #i.« t »* 
lar or ventricular deflection becomes + Instead of ami’ -o ’v..rl'.,‘-'' "o '""■'fx- 
changes from +119’’ to +121° the nolarltv ii,« .1 ' ''-'•‘'fl: 'Vlion angle o 

becomes - Instead of +, and vice vor.s.i. ^ mniculiir or i-entrlculnr dc/locllon 

Jn the aVf lead when angle a cliangos from *i» to . . 

lar or ventricular deflection becomes - instead of + ami I mii leii' 

changes from -179” to +179”, the polarllv of (he mu-rp., . ^ 'er.s.i ; when angle a 
becomes + instead of and vice versa atiilculai or ventricular deflection 
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and vertical lines illustrate Iioav the QRS complex becomes lai-er or 
smaller with changes in the electrical axis. 

Witii respect to axis deviation, by definition, left axis deviation exists 
when Einthoven’s angle a passes 0° and becomes (-) ; and right axis 
deviation, when the angle a passes +90° in a clockwise fashion Vnd 
becomes more (+). 

To consider Fig. 5 for a moment again. Altliough the potentials of 
all three unipolar extremity leads vary with the electrical axis, the 
aVl lead seems to show these variations best, because as 0° is passed 
conntereloekwise, the (+) potentials tend to increase in amplitude; 
and as +90° is passed clockwise, the (-) potentials tend to be aug- 
mented. The use of the left arm lead as a measure of axis deviation, 
however, is not original with me ; Wilson, et al.,® and Kossinann and 
Johnston'"' previously suggested it. Therefore, as a general rule, an 
upward aVl lead potential represents left axis deviation; and a down- 
ward main aVl deflection, right axis deviation. 

In the event that it is desired to calculate the actual angle of the 
electrical axis of the heart (EinthoA’en’s angle a), it will be necessary 
to make use of special tables which I compiled but which are omitted 
in this paper. 

The Electrocardiographic Patterns of Left Axis Deviation and Left 
Ventricular Hypertrophy. — The patterns have arbitrarily been divided 
into four types, 1°, 2°, 3°, and 4°. From the graphs in Fig. 5, one vould 
expect the first sign of left axis deviation to be a change in the polarity 
of the aVf lead from (+) to (-) (1°). Then, with increased axis de- 
viation (2°), the aVr potentials should become increasingly smaller, 
until an angle of -60° is reached, Avhen they should change and be- 
come (+). 

In the aVl lead, left axis dcAuation should produce a heightened QRS 
until -30° is reached, when the potential should begin tn decrease. 
Actually, this occurs (Fig. 6). lIoweAmr, Avhen 2° left axis dcAiation 
becomes marked, signs of ventricular hjiiertrophy also appeal (see 
below). The patterns of left axis deviation are described in Table II. 


Table I 

Normal Values in the Le.vbs 
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Left VentricAdar llypcviroplni.—'W'iWx voiilvurulnv l^ypn'tvupliy, \ui- 
like axis deviation, T-wavc chanjros appear, and d’ points m a (iirection 
opposite to tliat ot tlie main ventrieulav complex. 

^Yith the left ventricular hypertrophy, concomitant rifiht Amnlriculai' 
hj’l^ertrophy may also occur, and the resultant eleidrical axis ma\ a]v 
proach normal, hut the T-Avave changes ^vill he present. 

Considering the QIIS patterns, Ihirno-s’^ has deserihed two 1yp(‘s of 
electrocardiographic patterns in cases oi. hyjierlensive cardiovascular 
disease, under the title “Chronic Ceft Heart Strain.” In one. Lead 11 
is similar to Lead T (h^ig. (id) ; in the other. Lead 11 is similar to Lead 
III (Fig. 6c). In the unipolar extremity leads, the main point of dif- 
ference hetween these two patterns is in the aVr lead. \\ hen Lea<ls 
II and I are similar, the main aVr delicction is deeply (-) ; in the type 
in which Leads II and 111 are .similar, the main aVr ])o1ential has hc- 
eome (+). 

Taiii.!'. II 

The Ei.ECTi:ocAi:niooi;ACiiic Patteuks ok Lect Axis Deviation axp 
VEST i!ICi:i..Ml Hvi'KUTr.OCHY 




1° I. All 

l,AI> 

a" lA'ii 

r i.vii 



Anglo rt 

Anglo n 

Augl(‘nloss 

Anglo <« nn'r<> 



near 0° 

(-) 

(■-I Ilian -1)0° 

(-) than -liO'- 

aVl ! 

QRS 

+ ;quiayl)e ^ 

Same as 1' 

+ :<l niav lie 

Same ns .'1° 


])rosoiit 


])iosoht 


1 

T 

• 1 




aVr 

OPS 1 
T- 


mHi| 

- 

q\i 

aVf 

QPS 

T 


rS ’ 

r.S 

\ .'Sana' as .'1° 


HHBHH 

+ i 



Taiiee III 

The ELECTIIOCAIIDIOflllACIlIC P.M-TEUXS OK liuiIIT AXIS Deviavio.v a.\j> 
VEXTiaCEI.Ai; llyCEUTEOI’lIY 




rr.Ai) ! 

2° IIYII 1 

:!° Kvii 



Anglo n inoro 
' ( + )than!>0° 

Anglo n lo.ss j 

(+) than +120° 

•\nglo n more 
(+) than ■4120° 

uVl 

QHS 

T 

- ; r.S 

+ nmy l>e (-) 

-:rS 

-f 

t^aino as 2° 

aVr 

1 

P 

QPS 

T 

- 

1 Often largo, and 
nolchod 

+ 

Sanio as 2° 

QK 

aVf 

P 

QPS 

T 

4- 

+ :q inuy l»e prcs/'iit 

1 ' + 

Oflon largo and 
notohod 
+ 

Same as 2° 


From Fig. 5 we learn that when the angle a passes from -ol)'’ to -^6 
le potential at the aVr lead changes from (-) to (+) The value 1 

•By actual calculation. 
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0 » I'eprosonts purely .i greater degree of axis deviation than Piy 64 

Jie chaiacteristies of these types are described iii Table 11. 

Still another type of electrocardiographic pattern is foniid in cer- 
tain cases of ventricular hypertrophy. Some of the features of left 
ventricular hypertrophy, and some wliieh are attributable to right ven- 
tricular hypertrophy, are seen (Fig. 9a). 

Right Axis Deviation and Right Yentricular Hypertrophy. —These 
patterns have been divided into three types, 1°, 2°, and 3°. Studv of 
Fig. 5 reveals that an increase of right axis deviation will produce 
larger (-) aVl potentials. In the aVr lead, the amplitude of the (-) 
deflections should decrease until +120° is reached, when the main de- 
flection becomes (+). In the aVf lead, the main deflection is always 
(+) (Fig. 6). 


Normal 


l^LAD 2°LAD '3°LVH 4°LVH 


1°RAD 2“RVH 3“RVH 



iili? 

. •••; . j 


-+V|--r r 

K 


iii" 


1 


11 





Fig. 6. 

Fig. 6. — Electrocardiographic patterns of axis deyiaUon and 
trophy, a, Normal; h, left axis deviation 1° ; c, left hypertrophy 

indicative of some degree of ventricular hypertrophy : d, left i., Ventricular 

3°; e, left ventricular hypertrophy 4°; f, “.xis deviation 1 auricular 

hypertrophy 2°: auricular fibrillation; h, right venti’iculai hjpeitioplj 
fibrillation. 

Right Ventricular Hypertrophy.— lUve, again, Barnes^" has described 
two types, one in which Leads I and II ai'C similar (Fig. Gt/), an 
other in which Leads II and III are similar (Fig. 67i). 

In the unipolar extremity leads, again the main point of diffeience 
in the aVr lead, and is caused by the degree of axis deviation, hig. J 
represents an almost normal angle a (this is due in pait to eonco 
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left venti'iculav hypevtvophy and rolatioJi of the ho-nl aioiind ils ]( i 

tiuliml axis') In Fig. 6/( there is marked axis deviation. 

tocti^istic; of right axis deviation and ventrieular hypei- 

tronliA' are presented in Talile 111. . i . ii. 

AcuU Myocardial h,iarciioy.-\\'\mr one ol llio ,■o,■olnn■.v vo»^c 1- h 
occlndcd, tissno anoxemia a,«l tleall, oeenv, am eerlmn Jibysmloo,, 
chano-es take place, irrc.spective of the location of the inf.i ‘1. 

a ennoni of injn.,- ia modnec!. Tina ia ol,acyve. n, il.e 
deetrooavmogvom becansc its ofTcct is nenU-alixed dnrras slamlai.i.sa- 


tion (Pig. 7). 





Fig. 7 — Diagram allowing liow ctiiTont of injury i.s ncutnilizial, /■;, Klfcirotli; : 
indifferent electrode; .11, .“trip of muscle Immer.ned in a medium at uniform and e.\- 
tensivo conductivity; S, galvanometer .“trlng; .‘Jhnded area reine.'Jent.M Injured (or 
dead) muscle ; + or - .signs ropre.sent polarity as Impre.ssed on the .string; V, current 
reverser; JJ, battery; /?, variable rc.sl.stance ; arrow Indicalo.s direction of .spread of 
impulse, j, Sliow.s current of injury; 2 , shows how current of Injure i.s neutralised 
with a battery, variable re.sl.s-tancc .and current rever.slng switch ; .show.s tvpi' of 
electrogram obtained by pas.sago of an impul.se through the muscle .sirtii from left to 
right. An electrode at x would record a (-) RS-T tlcviatlon. 


Second, there are RS-T changes, for the following reason : as the 
electrical impulse enters the dying and dead area, the excitation wave 
is blocked hecau.se it cannot penetrate the injured tissue. Tlic potential 
ditferenee at this boundary between vital and injured tissue is, there- 
fore, the cause of the RS-T segment deviations (Fig. 7). Whether the 
RS-T deviation will he (+) or (-) depends .solely on the relation of the 
electrode to the infarcted area. A unipolar lead, which overlies or 
faces the infarcted region will record a ( 4 ) RS-T deviation; one which 
faces the normal surrounding tissue, a (-) RS-T dcvialion (Fig. 7). 

Third, T-wave changes occur as a later phenomenon. 3’ho T wave 
develops in a direction oppo.sitc to that of the RS-T deviation, and 
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occurs coincident Avitli the regression of the ES-T deviation. (The 
leason for this Avill be described elsewhere.)''* 

^ Fourth, Q waves may also develop coincident with the ES-T devia- 
tions in leads overlying or facing the infarct, for the following reason: 
Normally as the excitation wave spreads out toward the epieardium, 
the precordial electrode faces the oncoming impulse and the initial 
deflection null be (+) (see Pig. 1). With infarction, there is no impulse, 
and an electi’ode overlying the infarct may be considered as facing the 
endocardium wdiose potential is (-). Thus, the initial deflection is (-), 
or a Q ivave. It is as if a hole Avere cut in the ventricular Avail and the 
electrode Avere placed oAmr it. 

In considering the subject of anterior and posterior infarcts, it should 
be empliasized that it is the location of the infarcted area, not the par- 
ticular artery Avhich has been thrombosed, that determines the electro- 
cardiographic pattern. 

Anterior Infarcts . — ^^\*’ith infarcts of this type, the regions affected 
may include the anterior portion of the left ventricle, the adjacent por- 
tion of the interventricular septum, and the apex.'^ 

The electrocardiogram in a typical case is illustrated in Pig. 8. The 
outstanding features of this pattern are ; 

aVl lead QRS: A deep Q (A\-hich is the cause of the Q, of standard leads) and 
a prominent final E are present 
RS-T: -I- 

T : Later becomes (-) as the RS-T deviation regresses 
aVr lead QRS: Normal; occasionally a final R or R' may appear 
RS-T: (-), usually inconspicuous 
T: (+) 

aVf lead QRS: Normal 
RS-T: (-) 

T: (+) 


There is a reciprocal relation betAveen the ES-T deviations and the T 
waves of the aVl and aVf leads. Precordial leads are desci'ibed in 
Fig. 8. The explanation for these patterns is as folloAA's ; Precordial leads 
and the aVl lead OAmrlie or face the infarct, AAdiich iuAmlves the anteio- 
lateral Aimll of the left ventriele,^^ and so record an initial (-) deflec- 
tion, the Q, and a {+) RS-T. A Q (aVl), therefore, is more significant 
than a Q^. The aVr and aVf leads, facing the surrounding vital tissue, 

record a (-) RS-T, and QESis essentially normal. 

It may be pointed out that, if a small area is infarcted, an electrode 
placed directly over the infarcted zone Avill record normal deflections 
up to the moment the impulse reaches the infarct and becomes i ocvcc, 
causing the RS-T deviation. However, if the experimental is 

made sufficiently lai’ge (as occurs in man), the initia (+) e ec 

Srl'terior tofarct is small or atypical, the standard leads ma.v 
be equivocal or normal, and the oniy evidence may be pre.scnt in 





Tin; AVL. AVIt. AST* AVr M AP'; 
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are often permanent. Again, the heart may l)e llic .seat, of multiplo, 
acute infaret.s, in Avhich case the reciprocal relations hetween a\ 1 aiui 
aVf patterns arc lost; or a complicating pei'iearditis may also ohscuu 

the picture. 

Pe)-!c«rfZitis.— There appears to be general agreement that the elec- 

rocardiographic changes in most instances of pericarditis arc an ex- 
. . -I 1 inn. ifiK. '> n this, and 


trocai'diogiupiiii- . , • i • i 

pression of an associated subepicardial myocardilis.’''"’ ’’ It is t us. <in(;^ 
not the presence of pericardial effusion, which is the cause of th(> llS-'l' 
segment deviation. A typical pattern is pictured in b ig. 91). 

The cause of the ]?S-T deviation is the same as in myomardial in- 
farction. The damaged subepicardial tissue produces a sliglit block 
of the impulse. Leads from the .surface of the heart, as the a^ 1 lead, 
the aVf lead, and prccordial lead.s, .shou', thoreloi’c, a (f) HS-T devia- 
tion and (-) T; and leads which 'tfaee*' the endocardium, as tlie a^ r 
lead, a (-) RS-T deviation and (+) T. These typical patterns are not 
always observed in all leads, however, depending on whcthei- the iicri- 
carditis is localized or diffuse. 

Acute Coronary Insufficiency.'"' — Acute coronary insunicicncy J)ro- 
voked by a disproportion between the oxygen rcfjuiroments of the heart 
and the coronary blood flow re.sults in focal areas of myomalacia, largely 
subendocardial, without affecting the larger coronary arteries.” 'J'hc 
electrocardiographic pattern, determined by the subendocardial local- 
ization of the muscle injury, i.s briefly as follows (I'^ig. 9d) ; The aVr 
lead, facing the injured endocardial area, rocorch a (t) RS-'I' devia- 
tion. The aVl, aVf, and prccordial leads, fsie.ing the surrounding vital 
tissue, record (-) RS-T deviations. Abnormal Q waves are not ob- 
served. The aVr load normally presents a Q wave. 

A similar pattern is often prc.sent during a seizure of angina ])cctoris 
due to acute, but temporary, myocardial ischemia. ]7i ea.se.s of aTigina. I 
have also observed electrocardiographic evidence of myoeai-dial damage 
in aV- leads, even at rest, when the standai'd leads wei’e normal.” 

Nonspecific Myocardial Injury. — Aside from coronary artery throm- 
bosis and acute coronary insufficiency, Ihei-e ai’e a wide variety of 
conditions which may injui-e the myocai-dium, such as acute rheuiuatie 
fever, acute infectious disease.s, severe anemia, and trauma. ^Vithout 
describing these in detail it may be .stated that the location and extent 
of the injury, rather than the nature of the noxious agent, determine 
the electrocardiographic pattern. 

Pulmonary Emholism.-“ It would appeal- Ibat the electrocardio- 
graphic pattern following pulmonary embolism is a classic exanpfie of 
changes due to unilateral (right) vejitrieular strain. The changes 
observed, however, are variable,” and may include those pictured in 
Pig. 9c. In this record, the RS-T deviations which are so often seen 
did not occur. RS-T deviations, when present, are due to an associated 
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acute coronary insufficiency (see above). It may be observed that here 
the Qs is written by the aVl lead, not the aVf lead, as in myocardial 
infarction (Fig. 9c). 

Digitalis Ejfects.^—The effects of digitalis on the electrocardiogram 
depend to a certain extent on the pattern prior to the administration 
of the drug. In general, the following changes occur in the ventricular 
complex of aV- leads ; 

1. A decreased Q-T or RS-T interval. 

2. RS-T deviation in a direction opposite to that of the T wave. 

3. Decrease in the amplitude of the T wave. When maximal, there are 
complete reversal of polarity and fusion with the RS-T segment (Fig. 
9e) . In this connection it should be borne in mind that RS-T deviations 
and T-wave changes may also be caused by adrenalin, insulin, and other 
drugs and functional conditions, such as postural hypotension.'® 

aVl aVr aVf AL I II III 



Pig. 10. — Atypical myocardial infarction, a. Anterior infarct, male, aged 41 J’^srs, 
two days after attack. Standard leads are normal. Lead Vi is abnormal, liie 
flattened RS-T and coronary T of the aVl lead are typical and characteristic, h, Pos- 
terior infarct, female, aged 53 year.s, one week after attack. Standard ieads 
equivocal T-wave changes. Lead Vj is within normal. The q and coronary r ot tnc 
aVf lead are characteristic of an atypical posterior infarct. 


DISCUSSION 

As with standard leads, the use of this system of “augmented 
unipolar extremity leads is predicated on acceptance of the Biu- 
thoven triangle concept. Without going into a detailed discussion of 
the imlidity of this hypothesis, I will say that the fact that aug- 
mented” unipolar extremity electrocardiograms may be obtained with 
either my or Wilson’s indifferent electrode is, for practical purposes, 
proof of the applicability of this concept. Further, the calculation of 
the angle a in standard leads is dependent on this very concept. 

Justification for the introduction of a “new” sj^stem of electiocai- 
diography (if justification is necessary) is that the system I haim pic 
sented is NOT new in the sense that the principles underlying its use 


GOLDCERGEH : 
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THE AVL, AVK, 


AND AVF I-EADS 


are identical Avitli those governing standard leads. In fact, I iniglit 
0-0 so far as to say that the standard leads, rather than the unipolar 
extremity lead.s, wei-o originally used because no technuiuc existed in 
Einthoven’s time hv which a standard lead potential could he sejia- 
rated into its two component unipolar extremity lead potentials, it 
cannot be too strongly emphasized that a standard lead ropre.sonis a 
combination of the potentials of two unipolar extremity leads, and 
not the converse. 

CONCEUSIOXS 


The outstanding features of the a\l, aVi', and a\f lead.s aic as 
follows ; 

1. Since they are essentially unipolar extremity leads, they record 
potentials from only one region of the body, unlike the standard leads, 
each of which represents the combined potentials of two unipolar ex- 
tremity leads. 

2. In fact, the relation between the augmented unipolar extremity 
leads and standard leads is fixed, and may be expressed mathematieally 
(Appendix A). 

3. Positivity and negativity have definite significance when corre- 
lated with the actual electrical phenomena in the heart for both the 
aV- leads and the prceordial Y~ leads. Further, in accordance with 
mathematical principles, positivity is always represented by an ui)ward 
deflection. 

4. The aVl, aVr, and aVf leads arc so related that the algebraic sum 
of their potentials (at the same instant) equals zero. 

5. Each of the aV- leads may be interpreted in relation to the otlier.s, 
or to precordial, esophageal, or any leads taken with an indiflerent elec- 
trode of zero potential, 

6. The potentials of the aV- lead.s vary directly with the electrical 
axis of the heart; 

7. Since the same electrical phenomena produce unipolar extremity 
aird bipolar standard leads, the patterns that have in the post been 
described in the standard leads may now be seen and analyzed in a 
clearer, uneombined form. In fact, the standard leads must be con- 
sidered as complicated unipolar extremity leads. 

8. An important clinical advantage of augmented unipolar extremity 
leads over standard leads lies in the diagnosis of coronary artery dis- 
ease. For example, in a ease of myocardial infarction, wlicn the .stand- 
ard leads are normal, characteristic RS-T deviations and T-wavc changes 
will occur in one or more of the aV- leads. Also, in angina pectoris, 
at rest, evidence of myocardial damage may be observed in aV- lead.s 
even when the standard leads are normal. 

In the preceding pages I have in a broad and general way described 
the physiologic bases for the more important electroca'rdiograpldc 
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patterns, and their direct application to the.aVl, aVr, and aVf leads 
both normal and abnormal. With these leads, the patterns not wily 
of the normal electrocardiogram, but also of axis deviation and ven- 
tricular hypertrophy, assume a logical sequence for the first time. This 
is to be expected, inasmuch as the QRS patterns are direct functions 
of the electrical axis. 

In this system, the physiology of the RS-T segment deviations which 
have been previously described in acute myocardial infaretioiti^'" be- 
comes directly applicable, which is impossible with standard leads. 
The same holds for the RS-T ijatterns of pericarditis, angina pectoris, 
coronary insufficiency, and pulmonary embolism. 

Again, the full significance of Q^, and especially Q3, becomes appai-- 
ent when these deflections are analyzed as component parts of unipolar 
extremity leads. 

Although I did not elaborate upon it in this paper, the effects of 
digitalis on the RS-T segment and the T wave may be shown to follow 
a logical sequence, not onlj'- in the uniiDolar extremity leads, but also 
in preeordial leads.® 

However, the final word has not been written, either on the relation 
of the aV- leads to electrocardiographic physiology, or on their multi- 
fold patterns and interpretation. Many problems await solution ; but 
I will say that study and use of these leads, especially at first, in con- 
junction with standard leads, will lead to a fuller understanding of 
not only standard leads and of the aV- leads and preeordial leads, 
but also of the physiologic principles underlying electrocardiographic 
patterns. 

Finally, the fund of knowdedge that has been accumulated with the 
standard leads will NOT be lost Avith the use of this technique; rather, 
in transci’ibing it in terms of the aV- leads (using the equations in 
Appendix A), a more rational concept of the significance of this knoivl- 
edge may be obtained. 

I wish to express appreciation to Dr. Frank N”. Wilson, Ann Arbor, Mich., 
for his many helpful suggestions on terminology, and on the preparation of this 
paper; Doctors Leander H. Shearer, Frederick H. Howard, and Harry Greisman, 
of the Department of Medicine, and Dr. Alexander W. Kruger, Medical Superin- 
tendent, and Dr. Marcus Schramm, for their cooperation; and to the many others 
on the interne and nursing staff of the Lincoln Hospital, who so kindly assisted me 
in obtaining and selecting material. 


appendix a 

BelationsMp of Augmented Unipolar Extremity and Standard Leads.— The value 
of potentials at the right arm, in terms of standard lead potentials, may be ex- 
pressed by the equation: 


In the above equation, it is simpler to consider an upward deflection in the stand- 
ard leads as (+), and a downward deflection as (-)• Dor this reason, Lead 
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TKEAT.MENT OF EDKMA WITH AN OHAlA.Y ADM I NISTKKHO 
^iKUtMUJlAh niruHTic 


.iosKiMi F. lioiii;. M.O. 

St. I’An.. Mi.n'n'. 

TN THE tro'.itmont of m.-iuy iiatit'Uls with incia‘Uii!il ditirotit'.s 

1 are today regarded as inilisiteiisnlde. There have l>een a mnnher of 
KUeeessive eoiopouiids. eaeh of whieh possessed rlistinet ailvaiitau* s 
over its i)redeeessor. imt all have had tiie disadviu>ta<re of laapiirinu 
purculcral administrati<iii. '1‘lds usually iieeessilated intravenous in- 
jections often enough (o maintain an edema-lree state. Minor, lull 
unconifortahh', toxic efi’eets have oeeiirred Ireiiuently, esjieeial)\ i)i 
older peo]ile. It was found that these <-o\dd he avoided hy nivitn^ 
sinaiier and inoi'(‘ frefjuent doses. Obviously this is a delinite draw- 
liack from the eeonomie aspect, and also predis])oses to thromhosis ol 
the veins, which is a disadvanlatn* when jnedieatioit must lie carried 
out over a eonsiilerahh' time. Thes<* f.'iets stress the iniporlaiiee oi 
seeurin<r an effective ]>reparation for ora! administration. 

The most satisfactory diuretics of this series have In-en markedly 
improved, with increased etVeeiiveness and hwcinal toxicity, liy eom- 
hininit them with tlieoijliylline. It has hcmi shown hy t’hrometr.ka,’ 
Haxl.- and G'orl’ that this eomltination can he safely ami elTeeiively 
used hy mouth. Ealterman. DetJraff. and Kose^ reported rm llie tise 
of an oral prejiaration in com}>arison with an intravenous preparation 
of tlie same inatei'ial. They used an arbitrary dose for t wenly-jrnit‘ 
patients at variable intervals over a relatively sluui i)eriod, am! re- 
l>orted that the ])reparation was safe and effective. Uhickford'' rt‘port<'d 
favorable re.sults in four easc.s. 

This re])ort is concerned with the use of ond tablets of !i complex 
mercury compound, sodium salicyllallylamide-o-aeetate. in part a ehem- 
ieal comhination, in part a mixtvire, with Iheojdtylline (salyr;.'.'!!!- 
theophyllinc tablets). They have been used <iver a period of twentv 
months in a series of tliirty-nine -juitieuts. Twelve were hospital ))n- 
tients, fourteen were patients in an onipatieni eardiae elitiie. and thir- 
teen were ambulatory private i)atients. Mo.sl of tlnmi had loni- been 
under care for clironie myoeardial in.sunieieiiey, and had received vari- 
ous diurelic.s. 


mkthoi) 

Patients witli edeinn associated witli the di.scascs listed in Tiil.lc I were treated 
Those With cardiac disease had l.enrt failure, „n.i W(‘rc receiving tl.crapcutic. doses 
o£d^ul.s. All of tlie patient, s received C «tn. of nininonium nitrate daily, .start- 

Kecelvod for piildic.atlon T'eb. l-l, 
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iiig at least two days before the administration of the salyrgan-theopliylline 
tablets was begun. No other medication was used except sedatives, as indicated. 
I-Io.spital patients were kept strictly in bed. Intake and output records were bept 
in many cases, but, on the whole, proved much less reliable in estimating the re- 
sults of diuresis than weighing the patients daily under constant conditions. This 
Avas done before brealcfast, after emptying the bladder, with the patient wearing 
the same clothing, and using the same scales. Only those patients who had main- 
tained a constant Aveight for scA'eral days AA^ere included. The preparation used 
Avas an investigational product of salyrgan-theophjdline in the form of tablets for 
oral administration (STO). Each tablet contained 0.08 Gm. of salyrgan and 0.04 
Gm. of theophylline. This represented 0.03168 Gm. of mercury per tablet. 


Table I 


DIAGNOSIS 

Mitral Stenosis 
Hypertension 
Coronary Sclerosis 
Cirrhosis of the Lii’er 
Aortic Stenosis 
Sj’philitic Aortitis 
Phlebitis — ^Legs 
Ca. Ovary 
Ca. Rectum 

Total 



, 1 A Tnbie II “Good" includes those patients who ob- 

Tlie results are recorded in Table ii. r)eTsistent weight loss 

tained marked relief from their^edema, as ‘ patients who, ndth 

and increased urinary output. "''Ivnificant increase in urinary output. 

the initial dose, lost no weight and injections of salyrgan-theo- 

These patients, however, did respond recurring by the use of the 

phylline, after which the edema Avas piCAj neither of the previously de- 

ItO tablets. “None” includes those Avho fell m neither 

scribed groups. , patients were care- 

The urine and blood were watched for ^ the heading, “In- 

fully questioned about toxic .maximal diuretic effect of the 

itial Weight Loss,” data are of tablets necessarj t 

tablets in terms of AA’eight loss, and the period of observation oier 

obtain it. “Total Time” indicates ;',;^;:arii "continu^^^ “Total 

which the salyrgan-theophylline , qpne tablets which were used m 

Tablets” shows the number of saljigan theopi J 

ing the “Total Time.” 

OBSERVATIONS 

Most of the patients had been 

myocardial insufficiency. ^ diuretic used for several days pnoi 

but ammonium nitrate was the oi ^ relatively small weigii 

to starting the STO tablets results. Massw 

::;S£ j = 

coming progressively more dyspneic 
tablets. 
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fifteen patients received a single dose, as has been 
the custom imtli the intravenous route. Usually this was five tablets 
which is a total of 0.1584 Gm. of mercury, or approximately twice the 
amoimt (0.0792 Gm.) in the .usual 2 c.c. intravenous dose of salymau 
theophjdline.^ Of these patients, seven developed toxic .symptoms and 
SIX had no diuresis. ^ It ivas then decided to give the tablets in varyinn- 
and divided doses, in an attempt to learn the effective dose for each- 
patient. One tablet was given after meals, and the dose was increased 
to Gie point of effective diuresis or the appearance of toxic effects. 
Satisfactory results rarely'- occurred with less than six tablets daily, 
and this was adojited as a safe .starting dose. Oeeasionally’^ as many' a.s 
nine tablets daily' were necessary for diuresis. Larger doses produced 
toxic effects. 

Patients now have been given the tablets a.s long as sixteen months 
without objective or subjective evidence of toxieityE The total number 
of tablets taken i-aried greatly, as .shown in Table II. Thirteen pa- 
tients received a total of more than 100 tablets. In only one of them, 
Case 35, did toxic effects nece.s.sitate cessation of medication. There 
was no indication that prolonged administration was harmful; seven- 
teen patients have used the tablets over a period of six weeks to twenty 
months. 

J/ode of Action . — When the drug was given in a fairly large single 
dose (as is done with the intravenous method), a successful re.sult was 
marked by the appearance of diuresis in six to eight hours, persisting 
for about six hours. Some increase in urinaiy output persisted for 
twenty-four hours, and, occasionally, the effect lasted into the second 
day, but not longer. Patients -who had been uncomfortable with .such 
rapid diuresis from intravenous administration experienced the same 
discomfort when the tablets were given in a quantity sufficient to pro- 
duce a comparable diui’esis. Horvever, many of this grorrp of patients 
were able to take the tablets in divided daily’- doses without trouble. 
In these cases, the diuresis w'as much milder, appeared in twelve to 
trventy-four hours, and persisted -while the tablets were being giren 

and as long as any edema remained. 

Diaff 7 wsis.— Table I .shorvs the distribution of the patients, the thera- 
peutic results, and the incidence of toxic effect, according to clinical 
diagnosis. There -were twenty-two patients wdth degenerative heart 
disease (coronary sclero.sis and hypertension), ten wdth rheumabc heart 
disease, three wdth hepatic cirrhosis, one wdth syphilitic aortitis, and 
one each wdth thrombophlebitis of the legs, carcinoma of the ovary 
with metasta.sis, and carcinoma of the rectum. (When midtip e lag- 
noses w^ere made, the predominating factor wms used ni t is f 
From the table it appears that no particular etiologic group yielded 
a better clinical response to the STO tablets than other groups flo - 
ever, a proportionally greater number of toxic effects occuiied m 
degenerative heart disease groups. 
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Rcsnlh.-Tmv. n shows that twonty-ci-lit patients luul u<><ni results 
from the STO tablets. It is of interest tliat ten of these are is ei 
under "Toxie KiTcets.” lloweven in only two of these was it neees- 
sary to diseontinuc medication, for the toxie ell'eets were transitm-y. 
One of these was Case 30, a woman, ufjed seventy-four, wlio Inid ear- 
einoma of the reetum. xvith severe nutritional anemia, associated with 
dyspnea. She was much improved hy profuse diuresis, hut severe^ ah- 
dominal colic made it inadvisable to continue the use of the diu^:. I h< 
other patient. Case 33. a woman, a<ied sixty-nine, was able early to 
take the tablets with less weakness and abdominal pain than when the 
intravenous route was used. Later the tablets were not well toleiated, 
and they Avere discontinued. 

The “fair” results must be rej-arded as satisfactory, for in those 
cases it Avas possible to dispense with intiaiA'cnons administration after 
initial diureis. Avhieli Avas the object de.sired. 

Of the thirty-nine patients, the diuresis Avas nnsalisfaetory in only 
six. A brief resume of these folloA\-s : 


Case 13, — Male, ajjed forly-two, Aviih mitral iilciiosis amt iimrUeil I'ltcmn ami 
ascitc?, had responded well to merouriul diurelies intnivcimii.'ily, lie failed to 
have diuresis on five STC) tatdets daily for three dny.'i, afli'r wtiieli they had to i>(> 
discontinued on nucouut of unusea ami nhdoiaiunl distress. 

Case 22. — Female, aRod seveuly, with hypertensive heart disease, was one of 
the early ca.sc.«, and only throe ttil)l<;l.« every other day were Riven. Xu re.snlf.s 
Avere obtained over n period of three Aveeks; the wediention was slopped, and tlii' 
patient AViis not seen iiRain. 

Case 2.3. — ^fal(', ORed fifty, with hepulie eirrlmsis, was Riven two dices of five 
tablet.®, four day.® apart, witli no effect. 

Case 28. — Female, aRcd .®ixty-.“ix, with eareinonm of the ovary niid jiscite.®, wa.® 
given only one dose of five (ablets; no rosjionse was obtained. 

Case ,31. — Male, aged .®ixty.one, with coronary sclerosis, was given three tablets 
daily to supplement weekly iiijeelions of 2 e.e. of salyrRan-tlieopbylline. Patient 
continued to gain weight, and llie drug luid to be .®fo)>ped beemise of toxicity. 

Case 39. — ^talc, aged forty-nine, with mitral .®teno.®is. No diuresis was obtained 
after two weeks; the ix'ifienl received .®ix tablets dnilv. 


Only one of Hicsc faihii-cs (Ca.sp 31) uvi.s de/itti(e)y llie re.suH of in- 
tolerance to the (Imp. Olhcr.s miplil have been, Inil tlie Iriaks were 
unsatisfactory bccan.se none wore piveti fnrtlicr froalmciil afler a rest, 
and none had received the maxiimnn number of tablets Avliieli Avere 


often necessary to produce diuresis. 

Toxic No evidence of kidtiey irritation or blood disturbance 

Avas found. Nausea, vomilinp, dinrrlioa, abdoniinal discomfort and 
pain, and general Avctikness Avere tbe loxie efl'pcts wliich AVere noted. In 
geneial, lhe.se Averc not .severe. One or more oeeurrttd in fourteen jta- 
tients. In half of these the efleets Avcjre transitory, and the medication 
continued. In lour the tablets Avere not giv(!n again bectnise the patients 
remained free of edema. In three cases the use of RTO tablets Ava.s 
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discontinued because of recurring abdominal discomfort and diarrhea 
on repeated trials. A brief discussion of the symptoms and their 
nifieanee folloAvs : 


Nausea occurred seven times. In three patients it was mild, occurred 
only with the early dose.s, and further medication was continued In 
four patient.s the medication was stopped. Two of these patients were 
unable to resume it, and two Avere not given a further trial. Xausea 
Avas tAviee associated Avitli vomiting, once in each ease, and was a minor 
incident. 


Diarrhea occurred .six times. In Case 3, in Avhich the patient is stiU 
under treatment, it occurs about once a Aveek. The tablets are then 
.stopped for tAventy-four hours, the diarrhea ceases, and the medication 
is resumed. In Case 7 the patient had three loose defecations after 
each dose of three tablets, giA^en everj’- tAvo daj^S; medication Avas not 
interrupted. In Case 26 the patient had scAmral loose moAmments after 
single doses of fiA'e tablets ; the medication AA-as continued. In Case 30 
the patient had many loose moAmments, associated AA'ith pain, on taking 
one tablet tAAUce daily. ^ledication AA'as stopped. In Case 31 the pa- 
tient had tAvo to four watery moA'ements, associated AA’ith marked ab- 
dominal distress, after tAA'o tablets daily ; medication AA'as discontinued. 
In Case 35 the patient had tAA'o Avatei'y .stools after a dose of Iaa'O tablets, 
ilarked discomfort made it necessary to stop medication. 


Abdominal pain, in the form of colicky, cramp-like discomfort, oc- 
curred in three eases. In Case 21 the patient reeeiA'ed eleA'eu doses of 
five tablets each OA'er a period of six AA'eeks; she had severe pain AAntli 
the first dose, but none thereafter. In Case 30 the patient had .seA'ere 


pains after each dose of tAA'o or three tablets, and had to discontinue 
them. In Case 5 the patient had marked pain after the first tAvo dose.s 
of three each, but none subsequently. The pain is dhstinguished from 
abdominal discomfort by its severity and acuteness. Di.scomfoi’t is not 
uncommon when one asks about it, but only four patients A'olunteeied 
the complaint. It was not siimdent to indicate stopping the tablets. 


3Iany patients who are receiAung effective doses of mercurial diuretics 
intravmously complain of marked general weakness for about twenty- 
four houi'S after the administration. This has also occuried ^ 
times in this serie.s. In Case 3 it Avas quite marked after 
doses, and did not occur Avheii divided daily doses of three to six tab e s 
Avere given. In Case 35 the patient complained of weakness regardless 
of the mode of administration. In Case 37 the patient had this symp- 
tom AA-ith earlv doses, but gimdually overcame the tendency. 

In general, it may be said that the toxic effects evere 
severe, that they mere often transitory, and that they ^O'v'd 
encv to affect vital functions. In most instances they <3‘J P , 
flU’ther effective use of the tablets. Diarrhea is the most likel. 
the toxic symptoms to make it impossible to use the nio- 
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At this stage of the study it appears lhat two STO inhlels Ihroe imes 
a day is the best method of starting the drug, and is a dose wbicii wi I 
be tolerated well generally. With this dosage one may expoet. emnigb 
diuresis to cause a weight loss of one to eight pounds daily; the efiect 
is most pronounced in those patients who have the greatest, amount of 
edema, and diminisbes as the edema becomes less. When the edenia 
has disappeared and no further Avcight loss occurs, the dose ot SIO 
tablets was reduced to an amount necessary to prevent rcaccumulation 
of fluid. FrCQueiitly it has been po.ssiblc. after a ■jieriod of time, mean- 
while keeping the patient’s activities within the limits permitted by 
his cardiac reserve, to di.seontinuc the tablets without recAirrence of 
the edema. In these eases it was occasionally neces.snry to continue 
the ammonium nitrate, but not alway.s. In Cases (i and S it. was ims- 
.sible to discontinue the S’J’O tablets for several weeks at a time beiore 


recurring edema, associated with ovcrcxerlion, neee.ssilated resumption 
of the treatment. It can be .slated definitely that divided daily dose.s. 
varying in size according to the need for dinve.sis, and maintained at 
a level sufficient to prevent, the aecunnilation of edema, constitute the 
most satisfactory method of using the talilets. 

The variable re.sponse of some patients to intravenous administration 
also occurs with oral administration. In Case 2 the ])afiout failed to 
show diuresis on six tablets daily for three woolcs, but, after an interval 
of fonr months, good diuresis avjis obtained, with a weight los.q of four- 
teen pounds; his status was maintained without STO tablets after lliey 
had heen stopped two monllis later. In Case 23 the patient, on five 
tablets every other day, had no diuresis for one month, then lost ten 
pounds in two weeks. Thereafter lii.s weight remained constant, and 
he showed marked clinical improvement willioul the mercurial. In 
Case 34 the patient, who 1ms been under observation for ten months, 
has shown marked variability in bis re.sponse. Over a period of sev- 
eral weeks no re.snlls were obtained from the S’l’O, either in redueing 
the edema or maintaining freedom from edema. Somctime.s the tablets 
would maintain a given weight after it had been reduced hy intra- 
venous administration, whereas, at otlicrs. a ^’ory satisfactorv diin'esi.s 
was effected by the STO tablet.s. On the whole ilic ro.suH.s in (his ease 
were considered satisfactory. 


SUMMARY 

Salyrgan-theophylline, in tlie form of enteric-coated tablets for oral 
administration, was used as a diuretic in thirty-uiuc patients. 
Satisfactoxy diuresis occuiTed in twent.y-uine (xatioxils. 

Toxic effects were noted in fourteen patients, usually in the form of 
irritation of the colon, but these were seldom sevei’O. 
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Experiences in ascertaining tlie ideal dosage are described, and a 
method of using the tablets is suggested. 


REFERENCES 


1. Chrometzlca, F.: Die diuretische Wirkung peroral gegeben Salyrgans, Portschr. 

d. Therap. 15: 87, 1939. 

2. Saxl, P.; Ueber perorale Novasuroltherapie, Wien. Win. Wchnsclir. 39: SIG, 

1926. 

3. Gbrl, P.: Zur peroralen Salj^gan-Therapie, Med. Klin. 35: 578, 1939. 

4. Batternian, E. C., et al.: .Treatment of Congestive Heart Failure With an 

Orally Administered Mercurial Diuretic, Am. Heart J. 21: 98, 1941. 

5. Blackford, L. M.: Salyrgan-Theopbylline by Mouth, J. M. A. Georgia 29: 397, 

1940. 



Clinical Reports 


SUDDEN DEATH 0]^" A EUOBy INT]5imATI0NAU AFT, ICR A 

TEST GA]\IE 

E. IT. Cluveu, ^[.D.,*^ and E. Jokl, i\I.D.f 
•lonANXKsnEur., South Avuica 


CASE KEI’OIfT 

A FTER Iiavinjr played a .“Ircnuous eanie at .lolianne.Mhurij in duly, 10)11, S, C. L., 
32 years of aee, eaiitain of the Transvatil Keprc.'^onlalive Itiifiln- Team' eollaj-sed 
and died. 

JutoitKii. The body was tliat of an adult, Kuropoan male, tind was well Imilt jind 
nniscuhir. Meiftht was Kill jiounds: hei;;lit, (> feel. There was marked evano.^is 
of the faee, neek, siioulders, and fliifternails. No ^ross nlintrrinalilies t)f the eeiitral 
nervous system were deteeted. There were ronKc.slion of |li(> vessels of the brain and 
marked enKorgement of the veins on the j-urfiiee. 

Signifieant patholoffie ehanfies were found in (he. e.ireulatorv svstem. The Iieart 
was generally hypertrophied, tind weighed -IK" flm. (17 Ounees).' The hviH-rtrophv 
was most apparent in the left ventriele. the wdl of whie.l, measured 2.7 ein. in thi.-k'- 
ness. There was dilatation of all of the eavitics of the he.art. (-j.eeiallv of the rigl.t 
ventneie, whicli tilso showed hypertrophy. Its wall was 0.7 em. thiek. TJie 
papillary museles were markedly tliiekencd and prominent. .Maerosimpieallv, the 
myocardium appeared firm. However, mniierou.s fibrotie pat.dies were irrr-mlarJv 

t',vr«!, “ ' ' “'‘W' »'«• '-"I aJmlM.ll 

patch »""'r<">m'ous 

The left eoronary artery showed numerous atheromatous areas wide), ),•„! eau.ed 

iwas located at the oritico of the left eoronarv artery and anollier i , 

midway along the anterior descending braiudi. AlheronmtoiK ic'il 1 ' " "" '* T' 

s , - 

intima. ' I«lahe.s in various parl.s of thv 



showed some edema and a sli'dit eveess f -f ^ *’"'I'F'>i’iuatoiis ami 
sidoiably enlarged. - • o pigment.-ilion. 'I'lie hilar mules were eon- 

Ti,”'."" 
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TJ.e left kidney was %^ery small (weight, 62 Gm.), and was the so,. 


hydronephrosis. The parenchyma dnlS 

The riglit kidney rvas greatly hypertrophied (weight, .330 Gin ) ‘ “ 

There was a persistent thymus gland, which weighed 26 Gm. (normal weiaht at 

this ago 15 Gm., according to Wolfi and Cowdry-'). The genital organs ivcie eo'n- 
spicuously small. s con 

Mxcroscoinc Examination.— There were several areas of fibrosis in tlie lieart muscle 
The papillary muscles and the base of the left ventricle were especially airectd.' 
Areas of narrowing of the coronary arteries showed marked atheromatous thickening. 
The intima was greatly distorted. Atheromatous changes were also found in the 
aorta. The thj’mus gland contained scattered foci of entirely normal thymus tissue 
embedded in fatty tissue; there were areas of considerable infiltration and several 
lai go collections of lymphocytes. Numerous Hassall 's corpuscles of large size were 
observed. The blood .supply' of the gland was abundant. The entire picture was that 
of an active gland, rather than the involutionary’ structure which one would e.xpcct 
at the age of 32 y’cars (Aschoffs). Sections of the left kidney revealed normal tissue, 
although there was e.xtreme congestion. The right kidney showed chronic pyelitis, 
fibrous thickening of the capsule, patchy' fibrosis, and infiltration of the parenchyma 
with small round cells. All lymphoid structures were hy'perplastic, including those of 
the throat, nasopharynx, intestinal canal, and the lymph nodes. 

Previous History. — L. had been one of the most prominent South African rughy 
players of the preceding decade. He was known as "the iron man of rugby." He 
had represented his country on the play'ing fields of South Africa, Britain, Australia, 
and New Zealand. His identical twin brother J. also died during exertion at the age 
of 30 years. J. was bathing in the water at the coast when he suddenly collapsed 
and was swept away’. The following information was kindly supplied by Major 
Hanie Craven, captain of the Springbok team; 

“I have known L. since 1931, and played on tlie same team with him on numer- 
ous occasions. During 1937 and 193S, I traveled with him to Australia and New 
Zealand, and roomed with him at various places. I alway’s regarded L. as a very ill 
man. He used to complain of severe pain in the lower portion of his back. Tliis 
pain he thought was due to kidney trouble. On many occasions I had to massage his 
back because of these pains. He also suffered from boils. After eveiy foofw 
match he felt sick. He used to put his finger into his tluoat until he vomited, after 
which he felt better. He could not take any alcoholic drinks because they’ also ma e 
him sick. His stamina was e.xceptionally good. However, in the course o le 
Australia-New Zealand tour, two years prior to his death, his efficiency detenora ec 
greatly. During the last matches of the tour his performance was very poor. His 
strength was outstanding, and on the boat he performed wrestling matclies u 
the strongest of liis teammates. He always had a husky voice, and su erec 
chronic bronchitis. When he was tired, as, for example, after a game, he brea 
heavily and noisily. He smoked at least thirty cigarettes a day. 

"His twin brother J., whom I also knew very well, was apparently ^ 
twin. J. looked the same as L., l.ad the same husky voice, 

type of game as his brother. In 1937, J. went swimming at ^ 

the fenced portion of the beach. It was a quiet day and the Hjs Imdy 

lake. After a few minutes of bathing, J. suddenly collapsed an sa 


was never found." nrior 

Very little information is available concerning L.'s con July, 

to his death. It could be ascertained, however, that, ^ indicated failing 

1940, he lost more than 20 pounds m weight. ns may „,onths before he 
health. A roentgenogram of his chest which was ta -en a 
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hypertrophy as was present at autopsj. l)nfortniiatel\, no i 

was made. 

DhSCUSStOX 

This is a case in which a congenital (levelopinental jihiionniilily ctiiisen 
a fatal circnlatoiy crisis in a fir.st.-class athlete. There tire tiituiy remtir r- 
able features. First of all, the (leceased’.s twin brother lunl (lied two 
years before, also during exertion. Unfortunately, post-niorleni exaniina- 
tion in this instance was not. po.ssiblc; otherwise it is more tluin liltely 
that an attempt could luive been made to ])revcnt the second eataslroidie. 
Second, study of this case em])hasize.s the. truth of llio .stJitcment in,ide on 
previous occasions''’'’' that, even an extraordinarily high standard of 
physical efficiency is not at all a reliable indicator of the .state of Insiltb 
of the athlete concerned. The outstanding ])erforinanc(’.s ol U. wc’ce 
possible in spite of a grossly abnormal circulatory system. 

The probable devclo])mcnl of the disease and mechanism of death may 
be as follows ; 

DcvcJopmcnf of Disease. — Pci-sislence of the thymus gland arrested the 
normal pxiberty and post])uberty development of the circulatory .system. 
This arrest of growth, which also affected the urogenital system, eau.scfl 
the de.seending aorta to remain in an infantile .state. Conscfpiently, the 
heart was compelled to pump against a greatly incnsiscd resistance. It 
may be assumed that the arterial blood pressure was high. IIyj)crlro]>hy 
and dilatation of the heart followed. The lympbatie tissue throughout 
the body was more active than usual and the sjdcen was greatly mi- 
larged. 

Tlie early development of atheromatosis can be interjireted as a re- 
sult of the extraordinary liydrodynamic strain ujion blood ve.ssel Avails, 
a strain Avhicli, uiAdcr the iiathologic circumstance.s, Avas aggravated by 
strenuous physical activities. 

The heart had to Avork under mo.st imfavorable conditions, and the 
multiple tibrotie patches in tiic myocardium bear Avitne.ss to the de- 
ficiencies of blood supply. It is remarkable that, Avith sncii a circulatory 
sy.stem, the man had been capable of .such outstanding ])hysical jjcr- 
formances. As similar observation.s havt^ been communicated by one 
of us (Jokb- •■') on .several previovAs occasions, it may now be accejAted as 
an established fact that lliere is no .strict relation.shi]) betAveen heart 
disease and even an outstandingly high exercise tolerance. 

Mechanism of Death . — The mechanism of death in this case seems 
deal. The deceased had taken part in a strenuous game. The oxygon 
requirements of his heart Avere thus greatly increased. After the game 
he took a hot bath. This must, have shifted large amounts of blood from 
the intestinal circulation into the .skin. Jn combination Avith the phvsio- 
ogic fall of blood pressure after the exercise, this must have added to 
the existing deficiency of blood supply to the coronary artor.A-. The 
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Significance of such physiologic phases in the causation of the final col 
lapse of a diseased circulation has recently been demonstrated by Bl«m' 
gart, Schlesinger, and Davisj Furthermore, we have evidence that there 
were accumulation and stasis of inflammatory exudate in the hydro 
nephrotic right kidney, which caused contractions of the smootli imisele 
of the renal pelvis and ureter. It is probable that unphysiologic tension 
in intestinal cavities elicits, by means of a reflex, spastic contraction of 
the coronary arteries. This has been proved conclusively for the 
stomach.s The autopsy also revealed signs of infection of the respira- 
tory tract. This must have caused a further impairment of the func- 
tional efficiency of the heart. 

In 1844, Rokitansky® drew attention to the simultaneous occurrence in 
adults of an infantile aorta, h.ypertrop]iy of the heart, and under- 
development of the genital system. Although it has been assumed fora 
long time that the tliymus gland exerts a direct influence on puherfy 
and postpulierty development, it is only now that a more detailed pietiire 
can be drawn. We are especially indebted to Timme,^® whose studies 
made possible a full understanding of the condition known as status 
thymicolymphaticus. Timme showed that the effects of persistence of 
the thymus gland, leading to arrest of de^’elopment, mostly at puberty, 
are often compensated lyy hyioerfunetion of other glands in the body. 
The primary abnormalities caused by thymic persistence are lymphoid 
hyperplasia, gonadal and adrenal deficiencj-, a low blood sugar level, low 
blood pressure, and hypoplasia of the heart and vessels. In most ea.ses, 
marked compensatory efforts of the organism lead after some time to a 
profound change in the picture. 

The suprarenal cortex and the pituitary are strongly stimulated. IVc 
have asked ourselves whether the high standard of physical efficiency of 
this rugby player could perhaps be explained partly by a special com- 
pensatory effort of the suprarenal cortex. The changes in the heart veic 
clearly the result of arr attempt on the part of the circulatory system to 
overcome the ohstacle created by the rrnderdevelopment of the deseenc 


ing aorta. . , 

Wolf" states that one of the three possible causes of death rn eases o 
status thymicolymphaticus is weakness of the mirscular coat o i 
arteries which renders them incapable of Avithstarrding sudden changes r 


blood pressure. This would apply in our case. 

In view of the circumstances under which the sudden deatli o - « 
his twin brother occrrrrcd, Wolf’s suggestioir that swimming 
should be forbidden to people sufferirrg from status tlrynnco yn 


appears to be well founded. 


SUMMARY 

Srrmmarizing, it appears -that death 
loronary in.sufficieney. There. was narrowing o m 


sadden 
art cry 
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caused by alheronialosis. There was the physiologic fall ol' blood pres- 
sure alter the exercise. Large amounts ol blood were shifted into the 
skin as a result ol taking a hot bath. The oxygen rcquivcments ol the 
heart muscle were greatly increased alter t.hc exercise. It, is probable 
that reflex spasm ol the coronary artery was caused by tlie frustrated 
efforts of the diseased right kidney to expel its inflamm^atory contents. It. 
may be assumed that permeability of the myocardial cell membranes uas 
adversely affected by the concurrent infection ol the respiratory system. 

This observation alloAvs a detailed analysis ol a case of status thymico- 
lymphaticus, a term Avhicli has in the past often l)een used in a rather 
general way. We can trace the history of the ]')alicnt l)a('k to tlie per- 
sistence ol the thymus gland after puberty. We can thus understand 
the arresting effect of this ])rimary dcvelo])mental disturbance njmn the 
ipatui'ation ol the descending aorta. This latter. anatomic deficiency ex- 
plains the secondary pathologic reactions which created llic above de- 
scribed exti'aordinaiy situation and caused death. 

KEFimuXCES 

1. Wolf, W.*. Eailoerinology in Modern Prnctice, Pliitnileljdiin ninl London, tOdg. 

2. Cowdry, E. Y.: Proldenis of Ageing. Biologicul and Medical A.“i)('ct.«, I.oinlcm, 

lassi. 

Cowdry, E. V.: Textliook of Hii-tology, London, loas. 

3. Ascliort, L.: PatiiologLclio Anatomic, .Tena, 1023, Vol. ]T, n. l":! (H. Seliriddc, 

Thymus) . 

4. JokI, E., and. Jtelr.er, L.: Acute Patal Non-tranmatic (.'o]!ai).«e Piiring Work 

and Sport, Soutli African, .T. it. Sc. 5: 4, 1940. 

5. JokI, E., and Suzman, M.; Aortic Regurgitation and ^litral Stcno.-Jis in 

Jfarathon Runner, .L A. 5L A, 114; 4(>7, lOlO. 

(). JokI, B.: Zu.<iainnienl)iuclic beiin Sport, Vienna, Itr!;), 

JokI, E., and Parade: Ziir Frage dcr Beurtciinng von trcrzfiillcn in dcr 
sportiirztlichen Praxis, Alcd. klin, ?so. 32, J.O.l.'i. 

7. Bluingart, II. L., Schlesingcr, Ai. ,T., and Davis, D.: Studios on the Relation itf 
the Clinical Alanifestatioiis of Angina Pectoris, Coronary Tliromliosi.s, and 
Alyoeardial Infarction to tlie Patliologii; Findings, ,Vm. .1. 19: ] 191(1 

S, Bergniann, E.v.: Fuuctionelle Pathologic, Berlin, 19;!(i, ]>. n;i. 

9. RokUansky, C.: Handbucli dcr allgcmeincn Patliologisclien Anatomic, Vienna 
JS44, Brauimdlcr und Seidel, Vol. ]], p. iiSo, ' 

10. Timme. 

IL Goldzipher, M. A.: The Endocrine Ckinds, New York :iiid London, l!i;!9. 



TEMPORAL ARTERITIS 

C. L. Schaefer, M.D., and C. E. Sanders, M.D. 

■ Kansas City, Kan. 

' j TEMPORAL arteritis, an unusual and new syndrome, was first dc- 
scribed by Horton, Magatli, and Brown,^ in 1934. Since that time, 
only a few similar eases have been reported. A patient with this disease 
who was treated on the Sanders oscillating lied is reported in this paper. 

case report 

A white woman, aged 62 years, was first seen at her home because of excruciat- 
ing pain in the right temporal region, fever, sweats, dizziness, gastric distress, amt 
general malaise. Approximateli’' three weeks previouslj^, the patient complained 
of a mild unilateral headache which could not be relieved with the ordinary .seda- 
tives. This was soon followed by fever, sweats, and genera.1 malaise. During the 
preceding week, dizziness, gastric distress, and vomiting were added to the list of 
complaints. Her past history was essentially, negative. Because of the grave 
condition of the patient and the severity of her .symptoms, she was admitted to 
the hospital. 

Physical examination revealed a swelling which extended upward for approxi- 
mately 2% inches from the right temporomandibular .foint. The surrounding skin 
was moderately hyperemic. The right temporal artery was very prominent, tortu- 
ous, thickened, and tender. There were no palpable nodules. Pulsations were 
absent in the right temporal artery, but present in the left. There was a rather 
marked hyperesthesia of the entire right side of the scalp. The pupils were con- 
tracted and equal. The pupils were dilated with a mydriatic and the eyes ex- 
amined on several occasions by Dr. Morris Simpson. A slight opacity of the right 
lens was found, but the vessels were normal and there was no evidence of choking 
of the discs. The ears, nose, and tliroat appe.ared normal. No lymph node en- 
largement was found. The lungs and heart were essentially negative. The blood 
pressure was 155/80. No organs could be palpated on abdominal examination. 
The reflexes were slightly hyperactive. The temperature ranged from 99° to 101°, F. 
The pulse rate varied from 98 to 124. 

The hemoglobin wms 89 per cent, the erythrocyte count, 4,630,000, and the leu- 
cocyte count, 9,750. The differential leucocyte count showed 91 per cent poly- 
morphonuclear cells (fllamented, 81 per cent, nonfilamented, 10 per cent) and 9 
per cent lymphocytes. The color index was 0.9. The blood Wassermann reaction 
was negative. There was no nitrogen retention in the blood, and the blood culture 
was negative. The urine wms normal. The spinal fluid was clear and colorless. 
It gave positive Pandy and Ross-Jones tests, and the colloidal gold curve wa.s 
4444444321. The spinal fluid Wassermann reaction was negative. There was no 
pleocytosis. 

The patient’s condition became progressively worse. The headache was unbear- 
able and could not be controlled with ^ gr. of morphine intramuscularly. > 
appeared desperately ill, did not respond very well, and her speech became slnrrct . 
Finally, the patient became delirious, and the possibility of brain tumor 
creased intracranial pressure was considered. Dr. Frank Teachnor was ca ei m 
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consultution. llowovpr. the lunirolofric oxiiniiniition wiis csspiitiiilly HOgiilivn, ('X('ci)t 
for u sugfiostivoly jiosilivn Bnliiiiski rind Cliiuldook on flio left.’ On Inter ami re- 
pented examinations, the llaliinski and Oliaddoek were, found to 1)o definitely 
nc};alivc. Koentpenolofrie examination of flie head revealed increased vascular 
markings in the left frontal area, limited to the inner talde, kink in tk(! vertical 
lilane of tke left frontal area. Tkere was no evidence of t\iinor nr increased intra- 
cranial tension. Tlie sella tnreiea ajipeared normal. 

On enterinn tke kospital, tke patient received .fit) c.e. of a fiO per cent ghicose 
solution intravenonsly, ',4 nr. of morpkine intranmscniarly, an ice ca]> to tke kead, 
and a l-'J-.'! enema: tke kead of tke bed was elevated. However, tke jmtient did 
not obtain any ai)]ireciable relief until “ "r. of .sodium luminal were n'"'*''' intra- 
mnscnlarly. On awukeninn. tke .symptoms were as severe as ever. Cibalnin tablets 
were niven by montli witkont results, rinnlly. tke jiatient was put on tke ftanders 
oscillatinn I'cd, ami enjoyed ker first symptomless and natural sleep witkont any 
medication. iSke siiowed remarkable improvement on tke bed and was dismissed 
from tke kospital in ten days. 'I’ke ]>alient remained on tke bod at koine for tke 
next six weeks, oscillatinn tke bed twenty-four konrs a day for tke first four 
weeks, and approximately fifteen konrs a day for tke last two weeks. She made 
a remarkable recovery, aiiiiears alert, and is entirely free from symptoms. Tke 
swellinn above tke rinkt temjioromamlibular joint receded, and tke snrronndinn 
skin is normal in apjiearance. .Mtkonnk pulsations kave returned, tke rinkt tem- 
poral artery is still a little tkickened. TTji to .Tunuary 2, 1011, none of tke old 
symptoms kave retnrneil. Tke final dianaosis of temporal arteritis was made en- 
tirely from tke clinical manifestations. 'I'k<' close resemblance of tkis localized 
condition to tkat in otker cases wkick kave been rejiorted justifies tke above 
dianaosis. 

COMMKXT 

Ijilllc i.s known of tliis now typo of localizoil arft'rilis, and tlio oliolopy 
and palliolonio opitoriti tiro not as yol o.sltililisliod. Tn fho cases which 
have boon ro])orlod, tlio only relief from symptoms was obtained by rc.sce- 
tion of the involved ]iorlion of the temjtoral vessel. Stinee the ose.illittinn: 
bed has been used with snob sueee.ss in the trejitment of iiorjpheral 
va.seuhtr diseti.ses, we felt jnslified in trying it fop this new perijihorttl 
vascular syndrome. The result exceeded our ex])eel til ions. 

.st:.MMAKY 

A ease of temiiortil arteritis is reimrted. The ))atient u’as sueeo.ssfully 
treated on the Sttmlers o.seilhilintr bed. 


ItKFKItKNCK 

1. Horton, H. Alanatk, T. H.. and Hrown, G. K.: Arck. Int. Med. 53: -100, lo:!!. 



the electrocaediogram in traumatic pericarditis 

Case Report 

^ R. Langendorf, M.D., and S. Goldberg, M.D. 

Chicago, III. 

^ I HIE value of eleetroearcliogTaphie elianges after injury of the heart 
by stab or gunshot wounds of the chest has been definitely estab- 
lished. '* Previously the alterations of tlie S-T segment and T wave 
were ascribed either to direct damage to the myocardium, or to coronary 
artery injury, or to ligation of a coronary vessel, witli subsequent infarc- 
tion of the myocardium. The diffuse pericarditis which is invariably 
present in eases of injury of the heart may explain the discrepancy be- 
tween the electrocardiographic pattern and that of myocardial infarction 
alone. Diffuse pericarditis has a distinct electrocardiographic pattern 
of its own.^' 

The following report of a pericardial stab wound is presented because 
it clearly demonstrates the role which diffuse pericarditis plays in caus- 
ing electrocardiograiihic abnormalities. In this case there was neither 
gross myocardial involvement nor any coronary vessel damage. This 
was demonstrated during the operation which was undertaken to stop 
hemorrhage from the lacerated pericardium, lung, and cliest wall. 

CASE REPORT 

M. J., a 30-year-old colored woman, was brought into the emergency room of 
Michael Eeese Hospital on the night of Oct. 15, 1939. She had sustained a 
stab wound of the left anterior chest wall about 5 inches long, centered below tlic 
nipple, and extending upward and outward toward the axilla. The wound wa.s 
bleeding profusely. A quarter of a grain of morphine was given hypodermically, 
and an intravenous infusion of physiologic saline solution was begun. Conscious- 
ness was at a low enough ebb to permit exploration of the rvound without giving 
her an anesthetic. The entire chest wall had been opened, with complete trans- 
section of the fifth rib. Several bleeding vessels were clamped and the wound 
was spread, exposing the lung and pericardium. There was bleeding from a lacera- 
tion in the lung about an inch long. This was quickly controlled by .sutures. 
There was a tear in the pericardium near the base of the heart about an inch m 
length, with venous bleeding that was controlled by .several ligatures. The myo- 
cardium was found to be uninjured, and there was little free blood in the peri- 
cardial sac. The pericardium was loosely sutured to prevent pleiirocardial ac- 
hesions. Several hundred cubic centimeters of blood were left in the pleura 
cavity, and the chest wall was quickly closed with interrupted catgut sutures 
the muscle and fascia, and silk in the skin. The closure was airtight. 

Prom the Cardiovascular and Surgical Depts., Michael Reese Hospital. 

Aided by the A. D. Nast Fund for Cardiac Research. 
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Tlio blood propsuro was now only SO/GO min, Ilg. The pulse rate was 120, and 
the quality of the pulse was poor. Kespiration was increased, init not. embarrassed. 
The patient was given acacia solution and human serum intravenously, and two 
liours later the blood ])ressurc was UtO/OS, the pulse rate, 00, and the jialicnt 
had regained consciousness. 

The ne.vt morning her general condition remained fairly good. Tltc right border 
of the heart was percussed 2 cm. to the right of the sternum. The entire left 
hemithorax was dull, and the breath sounds were sujipressod over the upper lobe 
and absent over the lower. The erythrocyte count was 2,800,000 and the hemo- 
globin, ‘10 per cent. 

Improvement was gradual until October 20. Dysjinen occurred occasionally 
and was always relieved by morphine. Roentgenograms of the chest confirmed 
the diagnosis of massive hydropneuinothorax. At no time were there iiny clinical 
signs of cardiac tamponade. A pericardial friction rub was first heard October 20. 
On October 21 thoracentesis was ju'rformed because of the severe dyspnea, and 
450 c.c. of blood were removed, leaving a positive pleural ]>ressure. After this 
procedure, the pulse rate fell from 140 to 120 and the res])irations from 58 to 50 per 
minute, and there was considerable subjective imjirovement. 

On October 25 the temperature rose to 102.G'’ F. rectally, and the pericardial 
friction rub was more pronounced. Because of recurrent respiratory distress, 
the patient was placed in an osygeu tent and imi»rnvcd greatly. Oxygen therapy 
was discontinued October 2G. Thereafter improvement was gradual, though slow. 
The wound healing was primary, and the sutures were removed on the Ihirteonth 
day. The only complication was abdominal distress .and vomiting on sover.il 
occasions*, this was controlled by a dry diet. The lung re-expanded slowly; 
roentgenograms showed tdiout 50 per cent colla])sc on November 1. On N'ovomber 
21 the patient was .sent to a eonvalc.scent home. On D{'ceml)cr 35 a roentgeno- 
gram showed complete tieratioa of the upper lobe and only a barely reeognizable 
amount of fluid in the lower part of the chest. The temperature remaiiied normal 
after Kovemhor 7. 


COMMENT 

This paliciil’s elect rociivtliograms (Fig. ]) slitnvetl the ehatige.s rvliich 
are expected in diffuse, pevieavditis. No signifie.ant. changes oe.- 
enrfed. Tliere was a eoneordatit elevation of the S-T segment, in the. 
limb leads on October 23. and this was replticecl liy T inversion in all 
(he limb loads on November 6 which waned and eventually di.snppe;ire(l. 
At the .same time QRS was entirely up in Lead CF.; inversion of the T 
waves appeared in the chest lettds on November 6, and tvaned find dis- 
appeared in subscciuent rccord.s. Thc.se mutations and the time of their 
evolution are not charaetoristie of myocardial infarction, hut arc typical 
of diffuse pericarditis of other than traumatic origin. 

The electrocardiograms in this case failed to shoiv any of the charac- 
teristic QRS changes in any of the leads or the discordant, deviation of 
the S-T segment and the T 4vave in Leads I and III which occurs in the 
usual case of recent myocardial infarction. A local area of m.vocardial 
necrosis of traumatic origin would ho expected to produce one of the 
classical patterns of recent myocardial infarction, provided it -was prop- 
erly located. This occurs because patients ivho liavc traumatic necrosis 
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rarely have any preceding cardiac disease. Therefore, the aliseuce of 
a characteristic coronary contour may be taken as evidence against the 
presence of massive necrosis of the myocardium. Obviously, ”if diifiise 
pericarditis complicates massive necrosis of the myocardium, a composite 
electrocardiographic pattern may he expected. 


A B C • ■ D 



10/23/39 11/6/39 11/17/39 12/7/39 

Fig. 1. 


A correct interpretation of the mechanism which is responsi i e 
the electrocardiographic changes is important in consideiinj, ^ ° 
nosis in cases of traumatic heai't involvement. This maj a o le 
portant from a medicolegal standpoint. Histologic 
heart in cases of diffuse pericarditis has shown that the m 
process is confined to the uppermost layers of the mjocai n 
cause of this, the amount of myocardial damage is much mo e i ^ ^ 
than ™„ia ba the ea.se it the myoeafdmm had been “Ird „ 

coronary circulation interfered with. Although ,,, j, 

to diffuse pericarditis may lower the functional capa 3 
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does SO to a lesser exlent than localized massive neci'osis ol. tlic licarl 
musele. Reeognilion ol’ ll\e peculiar lyp^* o'- clcclvocavdiographic cliaiyge 
which diffuse pericarditis can produce lielps lo disllngiii.sli ihis condilion 
from myocardial infarclion. 

This case, which is unique as far as we can ascci'lain, ]n'i‘sented llie 
opportuiiily lo make a comjilcle elcclrocardiograjilHC study of traumatic 
diffuse pericarditis, unassociated with myocardial damage other than 
that which the pericarditis itself causes in the suhepicardiai layers. It 
therefore heljrs to establish clearly the jieculiar contour which diffuse 
pericarditis produces in the electrocardiogram, and lends ex]ierimcntal 
support to the view that there is a jiarlicular elect rocardiogra])hic ))at- 
terii in diffuse iiericarditis. In this human exiieriment there was no 
complicating factor which could disturb the electrocardiographic ])ic- 
ture, although the tenqiorai'y pericardial effusion and the acute hemor- 
rhage and shock may have altered the abnormalities in the first, record. 
However, the steady evolution of tiie elect rocardiograjihie changes over 
a period of six weeks makes it unlikely that the.se factors played any 
considerable role. The evidence seems clear from the (‘xamination at 
the time of operation that the myocardium and Ihe coronary vessels 
were not affected. 

This experience raises a ciuestion as to the extent to which difl’u.se, ])cri' 
carditis in other cases of stab and gunshot wounds of the clic.st was re- 
sponsible for some of the eloetrocardiograpbic alterations that havt* he('n 
reported. 

.SOIMARV 


A ease of .stab wound of the ctie.st is rcjiorted, in which, at ojieration, 
which was done to stop bleeding, only a laceration of the, parietal ])eri- 
cardiuin (and lungs) occuri'cd. witliout trauma to the c])icardiuni, myo- 
cardium, or coronary blood vc.sscl.s. The opportunity of following the 
cleetrocardiogi'aphic changes in serial records was affoi'ded. The clin- 
ical cour.se and eicctrocardiogi-aphic ])allcrn were those of traumatic 
diffuse pericarditis. A distinction is made lietween such electrocardi- 
ographic changes and those which occur after localized myocaialial 
necrosis of traumatic origin. 

AVe two grutefiil to Br. L. N. Katz for his help in prcptiring thi.s natnri. 
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UNUSUATj site op an aneurysim op the aorta 


William Drkssluk, jM.H. 

New York, N. ^ . 

A neurysms originate most fmii^cntly from llic asecmlnig part of 
■ the aorta, and have a lendeney to develop toward tlic right side. 
Distention and displacement of the aortic wall in this direction aie 
favored the minimum resistance otTered by the lung, as well as b> the 
fact that the right wall of the ascending aorta receives the greatest, im- 
pact from the column of blood which is exjielled during systole; for the 
outflow tract of the left ventricle runs an oblirpie course from low on 
the left to high on the right. Aortic aneurysms which arise from the 
ascending aorta and extend toward the left side of the chest arc ex- 
ceedingly rare, and create unusual clinical jiictures which may cau.se 
considerable diagnostic difficulties. 


CASK KKl’OUT** 


A 52-year-old wliitc man liad acquired .«yp)iili.s at the ago of 2.1. He had never 
had antisyphilitic troatnicnt, except local applications. The "Wassorniaim rea(!tion 
was said to liavc been invariably negative. There were no other disoa.«os. 

Eight years earlier the patient started to have .>;hortnc.s.« of breath during severe 
effort, such as mountain climbing. Thereafter his condition remained unchanged 
for seven and one-half yeaif:, after which time a definite deterioration began to tahe 
place. Shortness of breath became more intense and occurred even on .slight effort. 
A severe pressing and burning pain was simultaneously exjierienced in the iirecordium, 
with radiation to the back and down the left arm to the fingertip.s. Attacks of 
nocturnal dyspnea occurred several times, and were associated with rattling in the 
chest and expectoration of white, frothy sputum. Iluring the preceding six months 
the patient had lost more than Id pounds in weight. Itecently the attacks of pre- 
cordial pain had become more frequent and occurred even when the patient was at 
rest. He also complained of a persistent feeling of sorcnc.ss in the prccordial area. 
In November, 1931, he was admitted to tiic hospital. 

The patient was of gracile body build and moderately well nourished. Hi.s face 
showed a slightly livid discoloration. There was no edema or !i.scitcs. A loud stridor 
was audible even when the patient was at rest. The slightc.st eft'ort in hod caused 
marked dyspnea. No distinct pulsations were observed in the veins of the nock, 
and there w'ere no dilated cutaneous veins on flie chest. Tiicrc was no difference 
in temperature, skin color, or pulse between the two halves of the body. The pupils 
were circular, equal in size, and reacted irromptly to light and in accommodation. 
There was no tracheal tug. 


Received for publication Feb. 1, 1941. 

’The case was demonstrated by Dr. StoCai 
of Internal Medicine, in A^icnna. 


Foher at a meeting of tiie Society 


417 



418 


AZ^IERICAX HEART JOURX.VE 


The percussion note ^vas liyporresonant over the right lung. The left Inlf o- 
chaphragn, was at the level of the tenth rib. and did not de;cend with dl i 
tion The right half of tlie diaphragm was about 4 cm. below this level, and rader 
went normal inspiratory movement. Xornial vesicular breathing was heard over the 
right lung, whereas breath sounds were barely audible over the left side. 

The preeordial region was prominent, and the skin over the precordimn was 
edematous. The, precordial bulge extended upward to the third and doivnward to the 
sixth rib; it extended from the left border of the stennim to the fourth intercostal 
space, 3 cm. beyond the left luidclavicular line. Tlie points of greatest eonvexitv 
of the bulge, at the fourth and fifth ribs, were tender to palpabon. There was a 
distinct pulsatory heaving of tlie prominent area during .systole: this was mod 
pronounced in the fourth intercostal space at tlie left mid-clavicular line (Pig, lb 
The lower end of the sternum also showed a slight pulsation. Xo circumscribed 
apex beat was visible or palpable. 



Fig. 1. — Tlie area of pulsatory heaving is indicated by sliadmg. The 
was most striking at the level of the fourth intercostal space in Uie left mid-ciaxicim 
line : it extended cranially to the tliird and caudall.v to the sixtli rib, and rea 
the sternum niediallv. 


Percussion revealed marked dullness over the stennim below the attacliment of 
the tliird costal cartilage. Distinct dullness for a distance of about .-> cm. was also 
observed in the fifth right intercostal spac« adjacent to tlie stennim. On the left 
side there was no abnornial dullness in the second intercostal space, but markid 
dullness was found in the third intercostal space, covering an area of about fi cn 
In the fourth and fifth left intercostal spaces there was flatness which extended rom 


the sternum to the left midclavicular line. 

On auscultation, feeble heart sounds and a faint systolic niurnnir uere heard 
the point of maximum prominence in the fourth intercostal space. The .e , 

sound was louder than the first. In the second right intercostal space an actc ‘ ^ 
second sound and a short, rather loud, systolic murmur were aui i e, > 
to a soft bruit of whistling chai-acter. The musical inurinur r\as transmi ^ 
lower end of the sternum and second left intercostal space. It was ^ 
by posture or respiration. No thrills were palpable over the ^ 
in the carotid and radial arteries was feeble, but there was no pu sc ff 
symmetrical arteries. The wall of the radial artery was soft, and the blood pr 

lOO/SO mm. Hg. 
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Tl,e TIk. live, evi™.lri « ...H ^ 

,„,l. i„ Ilk risl., iiml-vlavi.*, U- . 1 . 1 «'.. w». 

,..,.,,.1 ovec,.t t™ i™ i.i ”™’;’ 

„„«»« fcitivv. TIk el„t,„,„,,li.,sra... al.»,™l nsW aa» 

sinus rliytlnu. .. 

The roentgcnolugic nlmonnnlities wore unusuul (only nn orthoaingvtun vvns nvn.l- 
nble Fig. 2). The canliae ..ilhouctle was bizarre, e.specially ai the loft boKlc. ir ^ 
an irregular, approximately pear-shaped mass, with .sharp outlines seemoi o n 
adhoren" The contour of the left ventricle could not be diiVereutiated from this 
abnormal siiadow. The aorta appeared .slightly dilated; its ar.di "'f. ’'7 

tion could bo readily differentiated from the abnormal mass at 
silhouette. The trachea showed inarhed deviation to the iigi. t • r, - 
thought that the abnormal shadow was caused by a mass adyicent to the heart at 
the loft and suggested the possibility of an encapsulated jiericardial ediision. IIou- 
ever, aneurysm of the aorta could not be e.vcliided, although it seemed less likely 
because of tiie site of tin's aiuiormal shadow. 




Pig. 2. — Orthodiagrnm, showing cnlargeniont of tiie cardiova.sciilar sillioiictto to tlie 
left, with a bizarre .sli.ape of tlio left Imrdor. 


Tile liistory and clinical observations did not lend support to the Jissumption of 
encapsulated pericardial eifusion. TIic broad piil.sation in the iireconliiil urea aroused 
suspicion of a cardiac nneury.sm,i to wliicli (be anginal nttucka could also be at- 
tributed. However, tlie electrocardiogram did not support tliis opinion. The 
bizarre bulge at the left side of the roentgenologic silhouette started at the atfaeh- 


nient of the second costal cartilage, i.c., at a higlier level than is usual for a cardiac 
aneurysm. Also, there wore symptoni.s pointing to erosion of ribs, which is not 
known to be caused by cardiac aneury.sm. Tlie .same i.s true for bronehosteuosis, 
which was distinctly manifest in our ca.se. All the sympfoms and signs tluit we liad 
observed could be accounted for by an aneurysm of a largo vessel, and tliis diagnosi.s 
was supported by the history of syphilis. The localization at the left of the sternum 
drew our attention to the pulmonary artery. Hoivever, aneurysms of the pulmonarv 
artery are usually characterized by piil.sations in the .second intercostal s]iU('ce'- 
dilatations large enough to cause a puLsation in tlio third and fourth intorcostal 
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spaces have not, as far as vre know, keen reported. Hence, aneurj-sm of the aorta 
with unusual localization, seemed the most likely pathologic condition. Since on 
roentgenologic examination the arch and descending part of the aorta could be 
differentiated from the abnormal shadow, it seemed most probable that the aneurvsm 
was of the ascending aorta, and that it had extended toward the left and dis- 
placed the heart. 



■p:™- 3 The anterior mediastinum after removal ?^?,^^gnlarsed mediasdnuni. 

tho^lic^aff "The lungs are forced lateralb; and dojsadh^^^^^^^^ a e°a'‘of 

A large, semispherical bulge f °rted jnto the chest vertically at the are 

jisuaf V Ed" 

an i?regular. dark-blue Prominence is ^lslble exmna^^g^^ ^ ^ jp_^ Irregu 

SSSSScS S.B.. se».l.pherl». bulge. 

• <- "t, hpJ • the sensation of 

The patient’s condition improved after a few ^ distressing. The 

soreness in the preeordium diminished and the dy p later. 

patieut iusiated o« leaeiug *''» ’■“’'’‘d Tp .be " 

Necropsy revealed marked enlargemen dorsally. The mediastinum dis 

which forced the lungs on either side laterad and protruded between 

played two prominences. One, at the from an irregular bulge 

L fourth and fifth ribs. It was separated Here there was a blue, 

made up th, lower part of the right half of the media 
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dresslkr; aneurysm of the aorta 
vena cava and loft innominate veins was MSi ) t. 



Fig. 4. — The left ventricle and the ascending part of the aorta have been opened. 
A large, round opening in the left wall of the aorta leads into an anoury.snial sac 
larger than a man’s fist. The other portions of the aortic wall display remarkably 
little change. The left coronary orifice is pulled upward by tlie traction of the 
aneurysm. Note the close relationship of Uie aneurysm to the left coronary artery. 
The medial portion of the aueui’ysm is covered by the poricai'dlum ; the heart is 
displaced to the right. 


The left semisplierical prominence, which corre.spoiuled to the bulge observed 
clinically in the precordium, and seemed to be caused by the pericardium, wa.s opened 
first. It contained a large amount of blood clots around a large, centrally located 
thrombus. The irregular bulge at the right side was formed by the heart and 
pericardium (Fig. 4). The pericardial sac was filled with a large cpiantity of blood, 
partly fluid and partly clotted; this was responsible for the translucent, blue dis- 
coloration. The heart rvas of normal size, its walls were not hypertrophied, 
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and the, valves were intact. The intima of the ascending aorta ..honed slight .c. ' 
caused by syplulitic aortitis. At the left border of the aorta there was a'cireuS 
opening, measuring < cm. in diameter, which led into an aneurysmal sac Ti 
aneurysm was larger than a man’s fist; it was filled with blood clots ‘enclosin-r ^ m ‘ 
thrombus (as described above). This aneurysm had produced the semispherical 
bulge at the-left half of the mediastinum. Expanding to the left and caudad it had 
displaced the heart to the right and forced its left margin dorsad) thus earning a 
rotation of the heart from right to left (as seen from the front). The aneury.m was 
partly covered by the pericardium. A small perforation, just large enough to admit 
a thick probe, and leading into the pericardial cavity, was discovered n't the lower 
border of the aneurysmal sac. The coronary orifices were of normal size. The left 
coronary ostium was displaced cranially by the traction of the aneurysm. 


COHHENT 

Extraordinary anatomic conditions, which occur only exceptionally, 
were responsible in our case for the nnnsnal situation of the aortic 
aneurysm. There was remarkably little involvement of the wall of the 
aorta by syphilitic infiltration and destruction, except for a sharply 
limited cireular area at the left border. This region was gradually 
stretched and distended, and the re.snlting aneurysm had expanded to the 
left and eaudad, displacing the heart and causing it to rotate from right 
to left. This rotation produced a deviation of the electrical axis to the 
right in the electrocardiogram. Other sequelae of the aneurysm were 
compression of the left bronchus, resulting in dyspnea, diminished 
breath sounds over tlie left lung, and stridulons breathing; the anginal 
pains were caused l)y syphilitic inflammation of the aortic wall and 
pressure of the aneurysm on neighboring structures. The explanation 
of the attacks of pulmonary edema is more difficult, for such common 
causes as hj^'per tension and aortic valve lesioim were absent. Tliere was 
no extension of the sj’philitic infiltration to the valves of the aorta. 
However, the close topographic relationship • of the aneurysmal tumor 
to the left coronary artery and to the heart suggests that pressure on the 
coronary artery and possibly on the left ventricle was responsible for 
left-sided heart failure and attacks of pulmonary edema. 


SUJIMARY 

A ease of syphilitic aortitis is presented, with almost exclusive in\ oh e 
ment of the left side of the ascending aorta. A huge aneiu.vsm de^elopoc 
to the left and extended caudad to the precordial region. It disp acea 
the heart to the right and caused a rotation of the heart from ^ 

left; this resulted in right axis deviation in the electrocardiogram. ic 

aneurysm produced a broad pulsation and eroded seveial ms ni 
precordial area between the third and sixth ribs. 
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Fishback, D. B., Guttman, S. A., and Abramson, E. B.: 
Determining Blood Velocity (Fluorescein Method). 
1942. 


An Objective Method of 
Ain, J. Sc. 203 i 535, 


A neu- objective circulation time test li.as been described, using fluorescein. 

The data obtained indicate that the method is rensonaWy simple, not liarmful 
to the patient, and reliable as indicated bv comparison with other methods. 

This method is of particular advantage in determining the blood velocity in small 
children, comatose, anestlietizcd, mentally ill, and moribund patients. 

In patients with normal heart.s or fully coinpen.sated cardiac disease, the circula- 
tion time varied from seven to 33.6 seconds. In another group of patient.s with 
cardiac disease undergoing decompensation, the circulation time varied from sixteen 
to twenty-five second.s, one being forty-five seconds. 

AuTJions. 


Mahatm, E., and Winston, M. E.: Kesearches on the Comparative Anatomy and 

the Experimental Pathology of the Superior Connections of Bundle His-Tawara. 

Cardiologia 5: 189, 1941. 

The His-Tawara bundle is not completely isolated from the musculature of the 
ventricular septum. Tliere exist delicate connections which unite it to the upper 
part of the ventricular septum. 

These upper connections are always to be found in man and the following an- 
imals: sheep, calf, dog, cat, rabbit. They are dispensed, varying in their caliber 
and topography. Tliey are mostly direct,- sometime.s indirect and .sometime.s in- 
stantaneous. It is possible to identify them only in !in uninterrupted series of slides. 

Tliese upper connections are of functional importance in phy.siopathology. They 
explain the lack of auriculo-ventrieular block when both branches are destroyed 
simultaneously (bloc bilateral manque). The experimentation confirms the existence 
of tliis para-speeific septal conduction. 

In physiopathology the.se upper connections assume the function.^ of a substitu- 
tional organ. They explain the contradictions which occur in the anatomoclinical re- 
searches on bundle branch block. 

In the normal cardiac contraction these upper connection.s probably assure a direct 
conduction between tlie .specific tis.sue and the musculature of the upper part of the 
ventricular septum, in a region which doe.s not directly communicate with Purkinje’s 
terminal network. 
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Mackby, M. J.: Cephalic Bruit. A Eeview of the Literature and -Rnr, ^ 

Cases. Am. J. Surg. 55: 534, 1942. ^ ^ Report of Six 

It appears that cranial auscultation is a “near forgotten art.” Tins a.etl.m 
of examination is seldom employed by the average practitioner although simpt o' 
execution, and from sucli an examination one may derive valuable information 
The pertinent features of the subject as recorded in the literature have been re 
.uewed. SLx examples of . intracranial bruit occurring in patients harboring intra 
cranial lesions liave been reported in order to illustrate some of the pathologic states 
that may result in a bruit. In an endeavor to estimate the frequency of occurrence 
of this abnormal physical finding in persons not e.xhibiting signs of intracranial 
disturbances, the heads of 250 persons were auscultated. Cephalic bruit was dem- 
onstrated in only three instances (0.012 per cent) and in two of these eases, there 
was a murmur audible over the heart, the great vessels of the neck and the head. 
From evidence at hand, it seems logical to conclude that a cephalic bruit in any 
individual merits careful consideration and further investigation of the possible 
presence of an organic intracranial lesion. 

Auxnon. 


Gregg, D. E., Shipley, R. E., Eckstein, R. W., Rotta, A., and Weam, J. T.: 

Measurement of Mean Blood Flow in Arteries and Veins by Means of the 

Rotameter. Proc. Soc. Exper. Biol. & Med. 49: 267-72, 1942. 

The rotameter has been used to measure cardiac input and mean blood flow in the 
arteries and veins of the anesthetized dog. Typical records are shown. Tests in- 
dicate that in routine use the instrument will give reliable blood flow value.s with 
an error of less than 10 per cent. Its use enables the experimenter to determine at 
a glance the moment-to-moment flow during the time that flow is actually being 
measured, an advantage not possessed by any other known method. The rotameter 
is so simple in operation that it should also serve a very useful purpose for the 
measurement of blood flows in student experiments in the classroom for which as 
yet no simple and reliable method Ims been available. 

Auraor.s. 


Berghoff, R. S., Geraci, A. S., and Hirsch, D. A.: Senile Ectasy: A Clinical Study 
of the Aging Human Heart (Observations on Four Hundred Patients). Illinoi.? 
M. J. 81: 97, 1942. 


This is a preliminary report of an investigation of four hundred of a total of one 
thousand cardiacs in the age group of fifty to eighty years. The material gathered 
consumed five and one-half years and embodies case histories, physical examinations, 
percussion measurements cheeked by telefluoroscopies and electrocardiograms. T us 
incomplete study led to the following conclusions: 

The most common forms of heart disease encountered in senescence are arteiio 
sclerotic, hj-pertensive, syphilitic, rheumatic, and tli.yroid. The earliest subjectnc 
symptoms are dyspnea, heart consciousness, and pain. The outstanding an i^^ ^ 
important diagnostic physical sign is altered configuration of the heart. 
carefully carried out is reliable and has greater diagnostic value than mscu 
T elefluoroscopy is a simple, economical and practical diagnostic adjunc p 
sion. The electrocardiograph furnishes more help in this If ; gjj',. 

„,h,r ot heart ffleeaae. I. i, poasible a.S praetic.l to 

three different, stages of coronary disease. A fair iiorbng ™" « „„„,erc.i 

the immediate prognosis of tlie various individual types of heart d .e . 
in senile individuals has been presented. 


AUTHORS. 
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Eobb, J. S., and Eobb, E. C.: 
Produced and Anatomically 


Hypertension Electrocardiograms Experimentally 
Explained. I. Cor Pulmonale. Am. .T. Al. Sc. 203: 


625, 1942. 

Elect rocarcliogiams taken in experimental right heart failure agree in form vilh 
those of previous authors. 

\Yhatever the cause, pulmonary hypertension, if immediately gre.it, m.n 
acute right heart dilatation, or if suilicicntly prolonged, results in right hear lyp 
trophy and eventually in failure. 

The essential mechanism of failure consists in the progressive stretching o lie 
three component muscles of the right ventricle. The weakest area at the right apex 
is formed by the superficial sinospiral muscle and strain of this muscle is henildei 
by some elevation of RS-T in all loads. A second weak area, the superficial bulbo- 
spiral portion of the apex, becomes involved and this is rocogni'/.ed by further elevation 
of in Loads II and III and eoincident depression of S-T in Lend I. Widening 
at the base indicates failure of the deep sinospiral and is evidenced liN marked de- 
pression of ES-T in Leads II and 111, and cither clevniion or depression of ILS-T 
in Lead I, depending on the degree of concomitant superficial bulho.spiral involve- 
ment. 


It is immaterial wlicllier the exciting cause of mii.-icle failure i.s ri.se of pressure 
within the right heart or whether failure is secondary to asjihyxia jiroduccd cither 
dircctl}’ or reflexly. When these mu.selcs are under tension and unduly .sirctehed, 
the same electrocardiographic picture is produced ns if the mu.scle were infarcted 
or otherwise damaged. 

Because these muscles fail consecutively and beenuse dnmage to each has il.s 
own ofCect on the eloctrocardiograni, and c.specinlly because there may have been 
prc-c.visting disease (or otrecf.s due to drug action), a valid exjilaimtioii is available 
for tlic groat variation in clinical electrocardiograms during an attack of cor pub 
inonalc. 


In these experiments, with the chest open, a dilated right heart was not assoifmted 
with right axis deviation. 

The McGinn-M’liitc fyjio of oloctroeardiogram is jirohahly associated with a 
moderately severe degree of rise and intraenrdiac pressure, slrclching all fliree of 
the component muscles. 'Wlion intraenrdiac prc.ssure is dangerously increased, all 
S-T intervals are depre.^sed in addition to some one or all of the elianges de.scribed 
by McGinn and White, or Hosier. 

If intraenrdiac pre.ssure increases slowly, and not too greatly, the electrocardio- 
gram’ may he wholly unalTcctcd, or if (he pressure increases are rapid and exlrcme, 
any combination of muscle injury pictures may occur, thus accounting for the 
variable reports concerning electrocardiograms in pulmonnry embolism and livpcr- 
Icnsion. * ' * 


The employment of muscle bundle localization may serve to increase the value of 
electrocardiograms in the recognition, treatment, and prognosis of cor pulmonnle. 


AUTltOKS. 


Carrillo, E. G.: Bifid E Wave in Derivation II. With a Note on the Electrocardio- 
gram in Pituitary Basophilism. Rev. argent, do cardiol. 8; 401, 1942. 


A case of pituitary basophilis-m (Cushing's syndrome) is described. The pntieni 
showed signs of myocardial weakness and died of a cerebral hemorrhage. In th( 
electrocardiogram a bifid E wave in Lead II wa.s observed. The pathologic sig 
nificance of this electrocardiographic abnormality is insisted upon. ^ ^ 


Autiiou. 
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Robb, J. S., and Robb, R. G.: Hypertension Electrocardiograms Experimentiih- 

Produced and Anatomically Explained, n. Left Ventricular Strain -Vni t 

M. Sc. 203: 634, 1942. ’ ‘ ' 

Because in acute experiments on young animals no Iniiertropl.y and mvocardial 
damage (in tlie sense of infarct 'or connective tissue replacement) is present one nui^t 
attribute the various results to change in siz.e of the ventricles dependent upon 
“strain,” that is increased intraventricular pressure with dilatation (rather tlian 
hypertrojdiy). 

Such a stretching of the musculature demonstrably alters conduction even to the 
point of causing ventricular fibrillation. 

Either development of an injury current within a single muscle band or differential 
slowing of conduction (including recovery) may be regarded as the essential factor 
resulting in the characteristic electrocardiograms. 

These S-T shifts in the electrocardiogram, caused by putting strain upon the in- 
dividual muscle bundles, arc the same as those produced by experimental infarction 
of the same muscle bundles. 

Acute centralized systemic hypertension, experimentally induced, initiates a scries 
of electrocardiographic changes reflecting the severity of the disturbance. The 
left ventricle is enclosed by four muscle masses which give way in sequence: the 
superficial sinospiral first, the superficial bulbospiral next, later the deep sinospiral 
muscle, and in extremis, the deep bulbospiral muscle. The authors’ clinical experience 
parallels the animal data. 

Authoks. 


Morelli, A. C.: Diagnostic Tomograpby of Stenosis of the Isthmus of the Aorta 
and of Persistence of the Arterial Canal, llev. argent, dc cardiol. 8: 371, 1942. 

The author modifies his method of extrarapid tomography in order to study the 
posterior mediastinus. He uses short exposures (0.1 sec.), medium voltage, high 
amperage, small fields, antidifusor and horizontal dispersion. IVith this technique 
he has been able to visualize an aortic coarctation showing all its patliologieal charac- 
teristics. A comparative study was made with a case of angulation of tlie aorta. 
In two cases of persistence of the ductus arteriosus, the ductus was scon as a shadow 
uniting the aortic knob with the left branch of the pulmonary artery. This shadow 
has also been seen in apparently normal persons, that had, however, a dilatation of 
the pulmonary artery. It is suggested that these latter cases correspond to those 
in which there is a persistence of the ductus arteriosus withour continuous murmur, 
as observed bv Abbott in one-fifth of her cases. 

Al'TIIOl!. 


Weisman, S. J.: Congenital Idiopathic Cardiac Hypertrophy. Arch. lath. 3o. 

365, 1942. 

Congenital idiopathic cardiac hypertrophy is enlargement of the heart h\ . l 
trophy and dilation, associated frequently with thickening of the ent otarc 
true cases, according to Ivugel and Stoloff, show no myocardia c 
perivascular fibrosis has been described frequently by others, -l o o i 
anomaly is present in the true cases. Too few cases "7 any 

circulation have been described along with idiopathic U per ’"P 
causal relation. When such anomaly is present, the assume' that the 

the same as in true idiopathic hypertrophy. It seems 0?’“ ,,(.eu 

association of the two defects is accidental. letal • ;; of 

proved to be the etiologic factor in the hypertrophy. Although, 
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■abnoi-nwl conditions of the infant heart increases, fewer cases of 
trophy are considered cases of idiopathic hypertrophy, there still remain ma j 

'"''The autlm^iTimrts two eases with findings at autopsy. No mention is _ made of 
the part played by glycogen storage dysfunction in this type of heart lesion. 


^ ^TniTirkn 


Cushing, E. H., Feil, H. S., Stanton, E. J., and Wartman, W. B.; Infarction of the 

Cardiac Auricles (Atria): Clinical, Pathological, and Experimental Studies. 

Brit. Heart J. 4: 17, 1012. 

Infarction of the cardiac auricles (atria) was found in 17 per cent of 182 cases 
of myocardial infarction that were proved at autopsy. Abnormalities in the auricu- 
lar complex of the electrocardiogram were present in 74 per cerit of the cases of 
atrial infarction, but in only 9 per cent of all cases of infarction of tlie ventricles. 
Ligation of the atrial arteries in dogs produced abnormal auricular mechanism in 
only G out of 20 experiments. In 4 additional experiments there was a transient 
change in the contour of the P wave. Depression of the P-Q segment of the electro- 
cardiogram was seen in 4 instances in which the atrial arteries were ligated. Ab- 
normality in auricular nieclianism is tlie most reliable clue to tlie clinical diagno.si.s 
of infarction of the atria. 

AUTHOUS?. 

Console, A. D.; Relation of Cardiac Lesions to the Clinical Course of Eheiunaliio 

Fever. Arch. Int. Med. 69: 5.11, 1942, 

Of 98 cases in which endocarditis or pericarditis, found at autopsy, Imd been 
preceded by a history of rheumatic fever with polyarthritis or other similar man- 
ifestations of disease, Aschoff bodies were found in all in wliich death oecurred 
during the first decade of life, in (>4 per cent of tho.oe in which it oee,urrod during 
the second decade and in 11 per cent of those in which it occurred during a later 
decade. 

IVlien Aschoff bodies were found in the myocardium (28 cases) with 1 exception 
the interval between the last attack of polyarthriti.s and death was five months or le.ss. 

In 3 case.s in whicli Asciioff bodies oecurred in the myocardium there was no his- 
tory of polyarthritis, chorea or other clinical evidence of acute rheumatic infection. 

A curve of the frequency of death in cases in which the s 3 ’mptom.s of rheumatic 
fever and cardiac lesions occurred at different age periods shows two distinct peaks, 
one in the first decades of life, corre.sponding with deaths from cardiac failure and 
the presence of A.schoff bodies in the mj-ocardium, and the other between the ages of 
40 and GO j'ears, associated with cardiac failure, deforming lesions of the valve.s and 
an absence of Aschoff bodies. 

Minor degrees of valvular deformity preponderated in the first three decades of 
life, whereas advanced deformity was common in the later decades. Valvular de- 
formity increased with the duration of the di.sease after the onset of symptoms but 
hud no constant relation to the number of attacks or to the age at onset. 


Author. 


Mainzer, F., and Krause, M.: The Electrocardiogram in the Bronchial Asthma 
Paroxysm. Cardiologia 5; 2G1, 1941. 


In 8 out of IG patients with bronchial asthma the electrocardiographic traeincr, 
were found to be altered during the asthmatic paroxysm. The deformations 
present were: a low ventricular complex, notching within the ventricuS lom^ 
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and particularly deformation of S-T and T. Moreover ae a role n 
tachycardia (Ido a minute). Neither the clcctroclril; “iL;:,!":™ 

aSk ^ l^Pse of several lays afte'rik 


Changes in the position of the heart can bo exclutled from bringing out the 
electrocardiographic phenomena; tl.e alterations are oonsidered to lie due to inyo. 
cardial anoxemia. The anoxemia is deemed to be brought about by insufficient 
Oo-saturation of the arterial blood as well as a reduced coronary circulation through 
hemodynamic disturbances or nervous stimuli (increased arterial pressure in the 
pulmonary circulation, increased vagal tone); tacliycardia may also be active on 
these lines. 

Sometimes neitlier the tacliycardia nor the changes of the electrocardiograpliic 
curve disappeared until after some considerable time. From this fact (wiiicli we 
have not bad the opportunity of .studying in detail) we may conclude that the 
cardiac lesion produced by the asthmatic attack cannot he considered as being niorely 
mechanical in nature. It is liiglily probable that the asthmatic paroxysm leaves 
the same marks upon the niy’oeardium as other tran.sitoiy anoxemic conditions do 
(angina pectoris attack, CO poisoning, muscular exertion in anemic per.sons). 

In this way it becomes clear tliat the chronic circulatory disturbance developing 
during the course of broncliial astliina may be explained as well by the effect of re- 
curring attacks of anoxemia on the myocardium as by mechanical overstrain imposed 
on the pulmonary circulation. 

AuTiion.s, 


MePhedran, H.: Cardiovascular Changes in Toxic Goiter. Canad. M. A. .T. 46: 471, 

J942. 

Beviews the cardiovascular ciianges found in connection with toxic goiter. From 
1934 to 1940 inclusive, there have been treated in our wards at St. Michael’s Hospitid 
115 cases diagnosed as toxic goiter and operated upon as such. A careful analysis 
of these cases from the cardiovascular standpoint has been made, and the result of 
this survey is herewith presented. 

Of the total of 110 cases, 50 c.ases were found to present aljnormal cardiovas- 
cular findings. 

In this latter group, 19, or 33.9 per cent, were found at or below 40, and <><) oi 
00.1 per cent, above 40 years of age, with the largest group of all between 50 and 
00 years. There were 10 males and 40 female.s. 

AUTIIOK. 


Shelburne, S., Hawley, J. L., and McGee, A. S.; Ketinal Arteriovenous Nicking: 
Relation to Enlargement of the Heart in Ambulatory Patients With Hyper- 
tension. Arch, Int. Med. 69: 213, 1941. 


The authors were able to siiow by their study of 317 patients with hjpeitensio 
that retinal arteriovenous nicking is so closely related to enlargement of t le 
that if this lesion is found one may expect to find an enlarged hear t. ur e > 
if this lesion is found in a patient with enlargement of the heart, tlic p er 
dition can be accounted for by hypertension, even if the blood pressure is no i . 
at the time of examination. It may also be stated that if the iieart o a ij 
tensive patient is enlarged and no arteriovenous nicking is found, the ; 

not likely to be due to hypertension alone and a care^ful search or 


VV -Vi ^ 1 M* 

such as those of severe coronary arterial disease, syphilis or i 
clearly indicated. 
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There is apparentiy no relatioTi hctwccn the early change in the retinal arteries 
which the authors haU designated early arteriovenous nicking, and enlargement of 
the heart, but the later change, which they have called moderate arteriovenous nick- 
ing, is definitely related to enlargement of the heart, though not so closely as the 
fully developed lesion (definite arteriovenous nicking). 

Arlcriovenous nicking is important in the ditferentiation of the chronic nephritis 
associated with late hypertension and chronic glomerulonephritis. 

It is hoped that this study will help to show the importance of careful observa- 
tion of the changes in the retinal vessels and the necessity for more accurate de- 
scription. There are too many reports, even from the best institutions, in which 
retinal arteriosclerosis is evaluated as 4 plus or grade 3 but the lesions are not. de- 
scribed. Such a notation is meaningless. It is much more valuable to state wbetber 
arteriovenous nicking, extremely narrow arteries, changes in the calilicr in arteries, 
etc., are present. 

AiiTiioas. 


Ray, B. S.: Cerebral Arteriovenous Aneurysms. Surg., (iyncc. k Obst. 73; Olo, 
1941. 


Observations on six patients having cerohral arteriovenous aneurysms sulistantinte 
the conclusion tliat the.«e lesions are congenital and can he identilied by the clinical 
signs and symptoms they produce and by llieir appearance when exposed nl the 
operating table. 

A bruit lieard on auscultation over some part of tlie head, the eyeballs, and tlie 
carotid arteries in tlie neck, is a characteristic sign. This, in conjunction witli 
Jacksonian convulsions or miilatcrul motor and sensory disturlianee.s, is usually 
sutRcient to permit a diagnosis to be made. 

Changes in the skull that niaj- be shown on roentgenogram jiiclude .slight .sigii.s of 
increased intracranial pressure, increased vascularity of tlie skull, dcejioniug of the 
grooves for the middle meningeal arteries, local atrophy of the inner tjible from direct 
pressure of the vessels of the aneurysm, enlargement of the head, and calcitieation 
in the lesion. 

Air studies limy be relied upon, in many instances, to demonstrate abnorimilitie.s 
in the ventricles and subarachnoid spaces. Encephalography in .such eases i.s safer 
than ventriculography. 

Cerebral angiography is indicated in order to vi.sualizo the extent and (he location 
of tlie lesion. 


The collateral circulation is extensive. It involves anastomosis between the ex- 
ternal and internal carotid arterial .sy.stenis, principally through the orbit and through 
the meninges. 

The effects of the aneurysm upon tlie general cardiovascular system are variabte 
but not necessarily serious. 

Headache, localized on the side of the lesion, is usually due to pain arising in the 
dilated arteries, chiefly in branches of the external carotid artcr3- 

fc. In ottL te™o Z SfLl!" „E°” clrflirf™' 

"“6'“ i»ili»W i„ 


Author. 
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Fulton, G, P., and Lutz, B. R.: Smooth Muscle Motor-Units in Small Blond 
Vessels. Am. J. Physiol. 135: 531, 1942. 

Stimulation of minute nerves, with a mieroelectrocle, produced spatially' limited 
vascular responses, generally dilatation followed hy constriction, in the snmll blood 
vessels of the retrolingual membrane of the frog, Sana pipiens. The limited responses 
suggest the concept of smooth muscle motor-units in small blood vessels. 


Seymour, W. B., Pritchard, W. H., Longley, L. P., and Hayman; J. M.: Cardiac 
Output, Blood and interstitial Fluid Volumes, Total Circulating Serum Protein, 
and Kidney Function During Cardiac Failure and After Improvement. J. Clin. 
Investigation 21: 229, 1942. 

Estimations of cardiac output, volume of blood and interstitial fluid, concentra- 
tion and total amount of plasma proteins, and of inulin, phenol red and urea clear- 
ances were made on six patients with congestive heart failure and again after re.stora- 
tion of compensation bj' digitalis and diuretics. 

Cardiac output and stroke volume increased with improvement in all cases. The 
mean minute output during failure was 31 per cent ]e.«s than after improvement. 
Etfeetive peripheral resistance decreased coineidentallj’ with improvement. 

Blood and serum volumes also decreased with recovery, the mean change in blood 
volume being 1.15 liters or 25 per cent, and in serum volume 0.92 liter or 35 per cent 
of the volumes during failure. In spite of a marked decrease in the volume of inter- 
cellular fluid, the mean value after restoration of compensation was 32 per cent total 
body weight, or almost 50 per cent above normal. 

Virile the concentration of serum proteins, particularly of the globulin fraction, 
increased with clinical improvement, the total amount of circulating protein decreased, 
due almost entirely to a decrease in serum albumin. 

Inulin clearance showed no significant change with improvement, while plicnol red 
clearance increased to approximately the same degree as cardiac output. 

Authors. 


Theis, F. V., and Freeland, M. B.: Thromboangiitis Obliterans. Surgery 11: 191, 
1942. 

The clinical results in the treatment of the biochemical blood changes in acute 
or active thromboangiiti.s obliterans with sodium tetrathionate or sodium thio.sulfate 
and of the peripheral circulatory deficiency due to arterial thromboses uith pa^acx 
treatment have been most encouraging. 

Deficient oxygenation of the arterial blood was usually present during the actue 
stage of the disease. Following treatment for two to six weeks, the incie.ised ox) 
genation of the arterial blood was accompanied by clinical impio\enient and m . 

cases bj' clinical recovery (five years). - , i,n. 

The oxj-genation of the arterial blood in the majority of patient.s with ironi 

angiitis obliterans which we studied was affected by smoking. -thors. 


ublin, L. I., and Marks, H. H.: A Note on the 
Disease — ^Eesults of Life Insurance Investigations. . . i ■ 

1942. 

These several studies point to a definite relationship jioivn 

ith respect to cardiovascular diseases. The d>™^al stu les k i ^ 

lat among patients with any form or .symptom o le ^ j insurance 

deuce of the.se diseases or symptoms in the parental historj. In 
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studies, it has been found that the total mortality of persons with n fnmih his > 
of these conditions has ranged from approximately normal to well above normal, but 
in cveiv study in which the death rate from ebronie cardiovascular diseases was <am- 
sidered^ the mortality from them has been above average. In none of the .slui los 
was the mortality of’ these cases low, even though on tiie basis of the survivorship o 
the parents to advanced ages, the history was favorable. It is fair to conclude, there- 
fore, that these studies indicate a familial relation.ship in the cardiovascular diseases. 

The nature of this association cannot lie brought out with any great e.\ac(iiess 
from insurance studies, or indeed from most of the material thus far collected on the 
subject. It is not likely tliat this as.sociation is a matter of direct inhcrilam-e of 
faulty cardiac or vascular structure in iiio.st instances, but rather that a number 
of factors are involved. For example, insurance studies have shown that the mortality 
from the cardiovascular-renal diseases is appreciably higher among the obese tlian 
among persons of slighter build. Since there are strong hereditary factors in body 
build or structure, the etloct of heredity as regards the incidence of cardiovascular 
disease may be an indirect one. 

The mortality from cardiovascular diseases among those with a family record of 
early deaths from such diseases is, however, not free from the intlucncc of non- 
liereditary factors which tend to raise the mortality from them. For example, 
individuals orphaned at a relatively early age, regardless of the cause of death of 
the parents, are subject to deleterious environmental conditions as.sociated witli 
broken homes. Among children in such families, the frequency of infections lead- 
ing to early cardiovascular or renal disease i.s relatively liigh. Aforoover, many of 
these children must work at an early age and, consequently, often at unskilled or 
semi-skilled occupations, and among persons in such occu]iationB the mortality from 
cardiovascular-renal diseases is appreciably above average. 

The que.stion may properly be raised wliether a familial association witli any 
cardiovascular disease or its symptoms is unfavorable to longevity. For, if .such 
relationship involved no diminution in longevity, this relation.shiji, while of medical 
interest, would bo of no groat consequence. This is by no mcan.s the ease. The 
presence of these diseases in abnormal frequency in the family history at an early 
age is often an indication of the existence of those factors which jiroduee early 
vascular degeneration. This is indicated by the fact that the excess death rate from 
these diseases among the persons we have studied is not concentrated at the older 
ages, and at the longer durations of in,«urance, but is present at every age and 
apparently is relatively worse for the .shorter duratioms than the longer ones. Con- 
sequently, a great proportion of the deaths of those persons with a poor familv 
record of cardiovascular disea.<e occur.s at relatively young ago.s. A family record 
of this type must, therefore, be considered generally unfavorable to longevity. 

AtlTllOltS. 

Flaxman, N.: Clinical Value of Digitalis in Hypertensive Heart Failure. II. With 

Sinus Tachycardia. Am. J. Jf. ,Sc. 203: 747, l!)42. 

The study of IGO cases of hypertensive heart failure with sinus tachycardi-i is 
reported. • 

The cardiac rate is important a.s a prognostic sign, because the mortality among 

"" ■>' «" 

Exempted were those with isolated failure of the left ventricle where the mortalifv 
combined type of failure before the treatment was started. 
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Digita IS was administered to these hypertensive patients with rapid resruhr 
cardiac rhythm not for its action on the rate, hut to relieve the symptoms In'fZ 
of heart failure, which it did successfully in 70 per cent of the patiLts. 


Author, 

Wilkinson, K, D.: Two Cases of Digitalis Poisoning. Brit. Heart J. 4: i, ]!) 42 . 

Two cases of digitalis poisoning in patients wtli sinus rhythm are recorded. Each 
showed complete auriculoventricular dissociation; coupled heats; and marked al> 
normalities in the QES-T complexes. 

Eecoyerj' was ^low and some degree of heart hlpck persisted for twelve days after 
the digitalis was discontinued. One case showed bundle hranch block as well as 
auriculoventricular block. 

Author. 


Kaltreider, N. L., JHeneely, G. R., and Allen, J. R.: The Effect of Epinephrine on 

the Volume of the Blood. J. Clin. Investigation 21: 339, 1942. • 

Measurements were made at rest of the I’olume of the blood and its components, 
and variations in the volumes were followed after the subcutaneous injection of 
1 C.C. of epinephrine (1:1000). Purther observations included measurements of the 
blood hemoglobin and viscosity, serum protein.s, venous and arterial pressures, velocity 
of the blood and pulse rate. These observations lead to_ the following conclusions: 

In normal individuals, following the administration of epinephrine, there is a 
prompt and definite decrease in the plasma volume, which persists in most cases for 
at least 45 minutes. In the majority of cases there is a slight increase in the cell 
volume. These alterations are associated with an increase in blood hemoglobin and 
viscosity and serum proteins. Pollowing the administration of the drug, the systolic 
pressure increased while the diastolic pressure fell slightly. 

In the individuals who have polycythemia vera with splenomegaly, epinephrine 
causes a definite decrease in the plasma volume, a moderate increase in cell volume 
with little change in the total volume. 

After the injection of epinephrine into 2 individuals whose spleens had been 
removed, there was a decrease in both blood and plasma volumes, accompanied bv 
a slight decrease in the cell volume. 

The effects of severe exercise and of epinephrine on the components of the bloo 
volume are similar. 

Authors. 


Allen, C. E.., Stutzman, J. W., Slocum, H. C., and Orth, 0. S.. Protection Fr 
Cyclopropane-Epinephrine Tachycardia by Various Drugs. Anest lesio ogy 
503, 1941. 

Procaine carbon dioxide, quinidine, morphine, ergotamine, F 883 ^ ‘ ^ 

methyl-benzo-dioxane), and yohimbine have been proper 

cyclopropane-epinephrine tachycardia. These agents are a p , , arc: 

dosa^is The effective amounts per tUogram .then 

procaine, 16 mg.; quinidine, 15 mg.; ergotamine, % . ’ ^g„taneously. 

yohimbine, 0.2 mg. The morphine dose was 8 mg. per g. u * protection. 

Twenty to 24 per cent carbon dioxide in the anest le ic nux u * otection from 

It is believed that procaine, carbon dioxide, and qumKlme & P ^ gg^ 
cyclopropane-epinephrine tachycardia because of mjocar la p adrenolytic 

ergotamine, by their sympatliicolytic action; yohimbine, t ro g arvocardial 

action; and morphine, by producing either functional decerebration or nn 

depression. AUTHORS. 



Book Review 


A InsuficiCncia Coronakia: By Dr. Caio Benjamin 35ias, Assist enic itc Cliiiica 

Propedeutica Medica da Faculdade dc Medicina da U. M. G. Livraria Editora 

Paulo Blulini, Belo Horizonte, 1941, 102 page.s, 51 illustrations. 

This is an up-to-date and ■\vell-writtcn review on the concej)t of eoronary in- 
sufficiency, and should be of vahie to readers of Portuguc.se who wish to aeeptaini 
themselves with the modern views on the .subject. The monograph begins with a 
good summary of recent work on the anatomy and physiidogy of the coronary circu- 
lation, takes up the concept of coronary insulliciency, di.scusses the general electro- 
cardiographic and anatomic cliangc.s, causes, and mechanisms, clinical manifestations, 
and then closes with a stud}- of the electrocardiogram. 

In. the last chapter the autlior also gives his per.sonal experience with exercise tests. 
The exercise consisted in tlie rapid climbing of 5 steps, 20 times in succession. 
Electrocardiograms were taken before and after e.xerciso with tlic standard leads and 
Lead rV F. For a positive test the author relies on the following criteria: (1) in- 
version of the T wave in one or more leads, a diphasic T, or an exaggeration of ti 
previously negative T; (2) depression of the S-T segment in one or more leads of 
more than 2 mm., especially when accompanied by such changes in the T wave as 
flattening, inversion, increase in nogivtivity, or a diphasic T; (2) appearance of 
transitor}- intraventricular conduction defects or either auricular or ventricular extra- 
systoles from several foci. Seventy tests were performed on CO subjcct.s, ]4 of whom 
were patients with coronary disease. The conclusions of the author corroborate the 
experience of others. 

There are 13 drawings of electrocardiograms and .37 rci)roductions of electro- 
cardiographic tracings. The majority of the illustrations are good. There i.s .some 
evidence of careless editing, such as the absence of Fig. 5 and a serious misprint on 
page 40, where embolism of the coronary arteries is referred to as “pulmonary em- 
bolism." The bibliography lists 103 rcfcrencc.s. 

Bafakf. Domin'csukz. 
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T he American Heart Association is the only national organization devoted to 
educational work relating to diseases of the heart. Its activities are under 
the control and guidance of a Board of Directors composed of twenty-seven 
eminent physicians who represent every portion of the country, 

A central office is maintained for the coordination and distribution of impor- 
tant information. From it there issues a steady stream of books, pamphlets, 
charts, films, lantern slides, and similar educational material concerned with the 
recognition, prevention, or treatment of diseases of the heart, which are now the 
leading cause of death in the United States. The American Heart Journal is 
under the editorial supervision of the Association. 

The Section for the Study of the Peripheral Circulation was organized in 
for the purpose of stimulating interest in investigation of all types of diseases o 
the blood and lymph vessels and of problems concerning the circulation o oo^ 
and lymph. Any physician or investigator may become a member of the * 
after election to the American Heart Association and payment of ues 
organization. ^ 

The income from membership and donations provides the sole financial s pp 
of the Association. Lack of adequate funds seriously hampers ® 
educational activity and the support of important investigative wor 
Annual membership is $5.00. Journal membership at $11.00 ‘ 

subscription to the American Heart Journal (January-December) 
membership in the Association, The J ournal alone is $10.00 per year, ,vork. 

The Association earnestly solicits your support and ®"Sgestxons or 
Membership application blanks will be sent on request. Dona ion 
received and promptly acknowledged. 

^Executive Committee. 
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Original Communications 


CLINICAL STUDIES ON DIGOXIN, A PURIEIBD 
DIGITALIS GLYCOSIDE 

0. Alan Rose, M.D., Robert C. Battkksian, I^I.D., and 
Arthur C. DeGraef, M.D. 

New York, N. Y. 

' I ’HIS report deals with our observaiious on patients with congestive 
heart failure wiio were treated with digoxin, a ])ure crystalline 
glycoside, Altliough considerable work has been published on digoxin,* 
both experimental and clinical, there has been no study large enougli to 
constitute a thorough clinical evaluation. It is not, our purpose at tliis 
tune to compare the various glycosides, or to indicate the relative 
superiority of any single preparation. 

In recent years the availability of the purified digitalis glyco,sides has 
brought about renewed interest in digitalis therapy. Study of the 
glycosides has clearly demonstrated the inaccuracy of the bio-assav 
method, m that the cat unit potency of llie,?o preperations oamiot hi 
direotlj, applied to man.’ This makes it necessary to ascevlain .scciiratelv 
Uie eimieal potency of oacli of llio glycosides in terms of actual leciohi 
However, once this intormation is obtained, there is n„ -p 1 

SZtimr™!': “-Vo 

umeieni samples oi the same preparation 
Digoxin was isolated from Digitalis lanuta by Smith ^ in 1930 Ti' tc 

Woside C, but its moleeule contains no ghleose or acetyl VroupVg. 

SELECTION OF PATIENTS 

piMirei puiealj were^T/cW aroSg 'at "Y'"*"’' '«■ 

Pattern. ::: 

Receivea lor publication Feb. 26, 194 ^ ^ Hospital, New York Bellevue 
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rs.r,: »• — . 

««n, it „„t ,z 

pa ,en t „e,e ™pe,a«ve. 3,„.e were „.„Hb„ncl or i„ ,. b. toLo;* J 
after d,pl.hral,oa. No patients „ere used who had received any digitaii, ! !“ 
tion within at least three weeks prior to the beginning of the study. ' 

METHOD 

Before digitalization tl.e maximum effect of tlie usual supportive measures was 
evaluated m each case. The patient .was then digitalized with digoxin* according to 
one of three plans. Thirty-three patients were digitalized rapidly by a modification 
of the Eggleston method.c The initial dose varied between 0.75 and 2.0 mg. There- 
after, a dose ranging from 0.5 to 1.0 mg. was given every six hours until minor 
signs of toxicity were noted. The second plan consisted of administering single 
daily doses of 0.25 and 1.5 mg. to nine hospitalized and nine ambulatory patients. 
In both groups, on the hospitalized patients, observations were made daily in an 
effort to ascertain the minimal dose necessary to initiate a therapeutic effect and 
produce minor signs of toxicit}’. At least one electrocardiogram was taken sliortly 
before digitalization, and others were made at frequent intervals, usually daily, there- 
after. All patients were weighed daily to aid in evaluating changes in their cardiac 
status. This was particularly useful in gauging the therapeutic response of pa- 
tients with noj’mal sinus rhythm. The ambulatory patients were observed at one- or 
two-week intervals. Electrocardiograms in this group were talren when a significant 
therapeutic or toxdc effect was observed clinically. AH patients were observed 
closely for evidences of improvement, changes in ventricular and pulse rates, and 
sj'mptoms and signs of toxicitj’. 

In the third plan of study, each of 13 hospitalized patients, eight of wliom liad 
chronic auricular fibrillation with a rapid ventricular rate, received a single dose of 
digoxin intravenously. The dose varied between 1.5 and 2.5 mg. This relatively 
large dose was administered because our primary object was to study the rapidity 
of onset of effect. To insure this it was necessary to give a dose which was known 
to be well within the therapeutic range. No evidence of toxicity was noted wlien 
doses in this range were previously administered to seven normal subjects without 
heart disease. Herrmann" suggests similar doses in the treatment of patients uitli 
congestive heart failure. The intravenous preparation was administered so that 
0.5 mg. of digoxin was diluted in 10 c.c. of physiologic saline solution. In this 
group the ventricular rates, pulse rates, arterial pressures, and venous pressuies 
were taken until constant levels had been established. Digoxin was then adnim 
istered, and the above observations were repeated at frequent intervals for severa 
hours. Electrocardiograms were taken immediately before, and frequentlj during, 
the period of observation. 

A study of the maintenance dose of digoxin was made in a gioup of ai 
latory patients, of whom 20 had chronic auricular fibrillation and four la ^ 
sinus rhythm. These patients liad no symptoms of diminished car lac re ' ^ ^ 
evidence of congestive heart failure when they were adequately mainta 
digitalis preparation. With the exception of those patients who leceirec ig 
initial digitalization, all patients were under observation foi months ^ ‘ 
to this studjq so that their maintenance requirements of digitalis uere 

«We are indebted to Burroughs Wellcome and .Co.. Ina. for supplied 

material, and other aid in connection with investigative use 

in 0.25 and 1.0 mg. tablets. The latter '''^re furnished for was supplied 

facilitate administration of large paientera prepa teclimaue for 

in ampoules of 0.50 mg. in alcoholic ,solution. Using the Hatcner 
assay, 0.192 mg. of digoxin is equivalent to one cat unit. 



AO'T 

ROSE ET AL.i CEIKJCAE STUDIES ON DlOOXlX 

,„i« .«i», 

a.ily. In tl.o.e .«s» 1. nlfcU '“, f “ ^ “i, i„ „„,cr lo cv.lnnlc 

fmnea loi «t least Eve aeAs, anS usn > » patients wore obsetvcil lor clinical 
prcperly cad. '’“^“tc,; M^re 

SS: :L”r Sam.arai.gra,;s;vcre taltc. wl.cn tl.c «,■ .lose .1 H.c Erng 
was clianged or when toxicity was noted. 



Fig. 1 . — ^Rapid digitalization with digoxin oraIl 3 ' in a patient n’itli clironic auricular 
flbritlation. Therapeutic response noted wdthin 24 liours aCter administration ot 4.5 
mg. Toxicity noted after 6.0 mg. 


KESULT.S 

Digoxin was administered by a modification of the Eggleston inctliod 
to 33 hospitalized patients, of whom 22 had normal sinus rhythm, seven 
had chronic auricular fibrillation, and four had auricular flutter. The 
essential data obtained in this group of patients are summarized in 
Table I. A satisfactory therapeutic response was observed in 23 cases, 
regardless of the nature of the underlying heart disease, rhythm, or 
degree of conpstive heart failure (Eig. 1 ). With the exception of 
Patient 30, this response was noted within twenty-four or forty-eight 
hours with a dose ranging from 2.0 to 6.0 mg. (average, 3.75 mg.). In 
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Table 


PA- 

TIENT 

AGE 

SEX 

BIAGNOSIS 

degree 

OF CON- 
OESTIVE 
HEART 
FAIL- 
URE* 

M'ncHT 

IK 

rOURLS 

EITOLOGIC 

ANATOJirc 

PHYSIO- 
LOGIC t 

1 

63 

r 

Arteriosclerosis 

Enlarged heart. 
Myocardial fibrosis. 
Coronary sclerosis 

NSR 

+ 

12(1 

2 

53 

M 

Arteriosclerosis 
and unlmown 

Enlarged heart. 
Aortic stenosis. 
Aortic insufSeiency 

NSR 

+ 

16lj 

3 

58 

M 

Arteriosclerosis. 

Hj'pertension 

Enlarged heart. 
Mj'ocardial fibrosis. 
Coronary sclerosis 

NSR 


153 

4 

■ 

p 

Rheumatic fever 
(inactive). 
Hypertension 

Enlarged heart. 
Mitral stenosis. 
Mitral insufficiency 

NSR 

+ + 

135 

5 

1 

F 

Arteriosclerosis. 

Hj-pertension 

Enlarged heart. 
Mj’ocardial fibrosis. 
Goronarj' sclerosis 

NSR 

1 

1 

N 


6 

76 

F 

Arteriosclerosis 

Enlarged heart. 
Myocardial fibrosis. 
Coronarj' sclerosis 

NSR 

Left BBB 

1 

119 

7 

55 

M 

1 

Arteriosclerosis. 
Pulmonary fibrosis 

Enlarged heart. 

(Cor Pulmonale). 
Myocardial fibrosis. 
Coronary sclerosis 

NSE 

! 

i 

1 


128 

i 

8 

61 

M 

Arteriosclerosis. 

Hj'pertension 

Enlarged heart. 
Myocardial fibrosis. 
Coronary sclerosis 

NSR 

' ++ + 

1 

IN 

+ 

183 

in'? 

9 

64 

M 

Hj’pertension 

i Enlarged heart. 
Dilated aorta 

jNSE 

1 Incomplete 
left BBB 

10 

74 

M 

Arteriosclerosis 

Enlarged heart. 
Myocardial fibrosis. 
Coronarj' sclerosis 

AP 



11 

38 

M 

Rheumatic fever 
(inactive) 

Enlarged heart. 
Mitral stenosis. 
Mitral insufficiency 

AF 



12 

57 

M 

Hypertension 

Enlarged heart 

NSR 

T 

_L L 


13 

51 

P 

Hj'pertension. 

Arteriosclerosis 

Enlarged heart. 
Mj'Ocardial fibrosis. 
Coronary sclerosis 

NSR 

TT 

{niinfin' 


‘Ascertained by g-enerai appearance or pauenL v... — 

period of control. , ..-r. auricular flbrillabon: ' 

tNSR. Normal sinus rhythm; BBB, bundle branch block, 
ventricular puncture contraction ; VTl, ventricular rate. 

^Excluding patient 30. 












































HOSE KT AE.: CEINICAE STIIIMES ON DICOXIN 


‘l.'W 


I 


OXIN WlTJI IJAI’II) DlGlTAl.IZATlON OltAI.lA' 


DOSEO 

IN' I 

IXITUI 

POSE 

V PIGOX 

V MG. 

noSE 
, EAT.in 
SIX 

noun 

THERAPEUTIC 

EEKECT 

S 

TIIKK- 
AI-EUTI 
DOSE 
IN MC 

TOXK' EFFKrr 

TOXU 

intsi: 

IN* M( 

nEMAUKS 

1.0 

0.5 

llecri'ased dy.spiiP! 

3.0 

Nausea and vomiting 
FrolmiKod l’-l( inter 
val (0,22 second) 

. 5.0 


1.0 

1.0 


■ 

Nausea and vomit inj; 
Prolonged P-l{ inter 
val (0.2:! second) 

. 7.5 

HQeB 

■ 

1.0 

1.0 

Iiiitiiition of di- 
urrsis. 

DcoroaPcd dy.'ipnea 


Paroxysmal veniricn 
lar (acliycardia 
(duration, 2 liours) 

ti.r. 

'I'oxiciiy na.s of Erief 
duration and unac- 
coiniianied liy nau- 
.“ca and vomit ine 

llpcrea^od dy.spnca 
and pal pi i at ion 

.‘1.5 


n 


■ 

■ 



Nausea and vomitint; 

2.0 

1 i>xi(*ity Ilirpp !i(inr> 
afipr initini ditst* 

i.U 

J.O 



Nausea 

n 

i’atient ditritalircij 

Dvo days after ini* 
D'a! dipfaliratioii 

3.0 


Marked diurcsi.'s. 
Deeroasod d.v.«pnea 

2.5 





1 

Diuresis. 

Decreased dyspnea 

‘1.0 

Anorexia and nausea 




J.U 

Jiuresia, 

locroasof] dyspnea 

:io 

Anorexia and nausea 

( 1.0 


2J3 

i.O J 


■ 

Xausea and vomitinf; 

s.o 

1 li 1.^0 pen tie ef. 
feci oversliailowed 

2.0 

7 n t 


■ 

''■'ausea 

-1.0 


2.0 

r 

7 0 i 


H 

'iausea 

12.0 


2:0 

1.0 ' 


C.O f 

'■ausea and vomit inj; 

0.0 '] 

ii 0 r a ji e 11 1 i <• ef- 
fect overshadowed 



— 


uusca 

:s.o 'I 

1* e r a p e u 1 i e. ef- 
fect overshadowed 

hy loxicity 
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Tadlk 


PA- 

TIENT 

AGE 

SEX 

DIAGNOSIS 

degrke 

OP CON- 
GESTIVE 

he.\rt 

fail- 

ure* 

IVElOUT 

IN 

POUNDS 

ETIOLOGIC 

ANATOMIC 

PHYSIO- 
LOGIC t 

14 

GO 

F 

Arteriosclerosis. 

H 3 "pertensioii 

Enlarged heart. 
Mj'ocardial fibrosis. 
Coronary sclerosis 

NSR 

with 

VPG’s 

+ 

121 

122 

15 

82 

F 

Arteriosclerosis 

Enlarged heart. 
Myocardial fibrosis. 
Coronary sclerosis 

NSR 

with 

VPC’s 

N 

16 

37 

M 

Eheumatic fever 
(inactive) 

Enlarged heart. 
Mitral stenosis. 
Mitral insufSciency 

NSR 

N 

154 

17 

66 

M 

Arteriosclerosis 

Enlarged heart. 
Myocardial fibrosis. 
Coronarj' sclerosis 

Auricular 

flutter 

+-i- 

11.1 

18 

68 

F 

Arteriosclerosis 

Enlarged heart. 
Myocardial fibrosis. 
Coronary sclerosis 

AF 

++-f 

14!l| 

19 

52 

M 

Hypertension 

Enlarged heart 

AF 

+-f 

204 

20 

64 

M 

Arteriosclerosis 

Enlarged heart. 
Mj'ocardial fibrosis. 
Coronary sclerosis 

Auricular 

flutter 

N 

lOli 

21 

■ 

]\I 

Arteriosclerosis. 

Hypertension 

Enlarged heart. 
Myocardial fibrosis. 
Coronary sclerosis 

NSR 

+ 

144 

Enlarged heart. 
Mitral stenosis. 
Mitral insufliciency 

i 

AF 

+-f 

197 

22, 

40 


Rlieumatic fever 
(inactive) 

Enlarged heart. 
Myocardial fibrosis. 
Coronary sclerosis 

NSR 

N 

1 

li)8 

"TiT' 

23 

64 

M 

Arteriosclerosis. 

Hypertension 

24 

57 

M 

Arteriosclerosis. 

Syphilis 

Enlarged heart. 
Dilated aorta. _ 

Aortic insufficiency 

NSR 


uf 

25 

67 


Arteriosclerosis. 

Hypertension 

Enlarged heart. 
Myocardial fibrosis. 
Coronary sclerosis. 
Old myocardial in- 
farct 

NSR 
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I — CONT ’D 


DOSE OP DIGOX- 
IN IN MG. 


INITIAL 

DOSE 


2.0 


2.0 


2.0 


2.0 


2.0 


2.0 


2.0 


1.5 


1.5 


1.5 


1.5 


1.5 


DOSE 

EVERY 

SIX 

hours! 


1.0 


1.0 


1.0 


THERAPEUTIC 

EFFECT 


Diuresis 


1.0 


|Change of auricu- 
lar flutter to au- 
ricular fibrilla- 
tion with con- 
j trol of VE. 
Diuresis 


1.0 


1.0 


1.0 


iSlowing of VK. 
Diuresis 


[slowing of VE. 
Diuresis 


None 


0.75 


None 


0.75 


0.75 


Slowing of VE. 
Diuresis 


0.75 Diuresis 


0.75 


Diuresis 


THER- 
APEUTIC 
LOSE 
IN MG, 


4.0 


5.0 


4.5 


Nausea and vomiting 


2.0 


5.0 


TOXIC EFFECT 


Anorexia and nausea 


Anorexia and nausea 


11 o r e X 1 a, nausea, 
vomiting. 

Prolonged P-R inter- 
val (0.23 second ) 


TOXIC 
DOSE 
IN MG 


4.0 


4.0 


S.O 


! Nausea 


Nau.sea and vomiting 


Nausea and vomiting 


REMARKS 


11.00 


.'5.0 


11.0 


Condition too poor to 
be weighed previous 
to digitaliy.ation 


S.O 


Nausea and vomiting 


Nausea and vomiting. 
[Marhed slowing of 
VB (52 per min- 
ute) 


incroaso in degree of 
A-V block, with no 
change in rliythni. 
[Later received quini- 
dine, with change to 
NSE 


O. ( o 


0.0 


Nausea 


3.0 


3.75 


[Nausea. 
Paroxysmal AF 


12.00 


Slow VE persisted 
for 8 days after 
discontinuance of 
digoxin. Eedigital- 
ization with digi- 
talis (whole leaf) 
produced similar 
therapeutic and tox- 
ic effects with 15 
ond 21 cat units, 
respectively 


5.25 


Nausea and vomiting 5.25 



































442 


( 

AilERICAK HEART JOURNAL 


Table 


PA- 

TIEXT 

AGE 

SEX 

DUGXOSIS 

degree 
OF con- 
gestive 

HEART 

fail- 

ure* 

II'nCHT 

I.V 

fOC.VRS 

ETIOLOGIC 

ANATOMIC 

PHYSIO- 
LOGIC f 

26 

52 

F 

Arteriosclerosis. 

Hypertension 

Enlarged heart. 
Myocardial fibrosis. 
Coronary sclerosis 

NSE 

■ 

151 

27 

64 


Arteriosclerosis 

Enlarged heart. 
Myocardial fibrosis. 
Coronaiy sclerosis. 
Old myocardial in- 
farct 

NSE 

Left BBB 

N 

lil 

28 

31 


Hypertension 

Enlarged heart 

NSE 

■ 

Vi 

-t-l- 

205 

29 

77 

F 

Arteriosclerosis 

/ 

Enlarged heart. 
Myocardial fibrosis. 
Coronary sclerosis 

AF 

1 

m 

30 

60 

M 

Arteriosclerosis 

Enlarged heart. 
Myocardial fibrosis. 
Coronary sclerosis 

Auricular 
flutter. 
Left BBB 

1 

139 

31 

57 


Arteriosclerosis. 

Hj-pertension 

Enlarged heart. 
Myocardial fibrosis. 
Coronary sclerosis 

NSE 

+ 

IX) 

"IsT’ 

on 

32 

53 

F 

Hypertension 

Enlarged heart 

Auricular 

flutter 

+ -f- 

33 

66 

F 

Arteriosclerosis. 

Hypertension 

Enlarged heart. 
Myocardial fibrosis. 
Coronary sclerosis 

AF 





















































ROSE ET AL. : CLINICAL STUDIES ON DIGOXIN 


443 


I — CONT ’D 


DOSE OP DIGOX-j 
IN IN MG. 1 

therapeutic 

effect 

ther- 

apeutic 

DOSE 

IN MG. 

TOXIC EFFECT 

] 

TOXIC 

DOSE 

:n mg. 

remarks 

INlTlMi : 

DOSE 

1 

DOSE 

every 

SIX 

EiOURS 

1.5 

0.75 i 

Diuresis 

3.0 . 

Anorexia 

3,7o 


1.5 

0.75 



A-V nodal rhythm 

6.0 


1.5 

0.75 ; 

None 


Nausea and vomiting 

3.0 

Patient redigitalized 
with digoxin five 
days later 

1.5 

0.75 

Diuresis 

3.0 

Nausea and vomiting 

4.5 


0.75 

0.75 

Slowing of VR 

2.25 

Nausea 

1 

3.75 

Digitalized with dig- 
oxin intravenously 
four weeks pre- 
nously (see Patient 
9, Table IV) 

2.0 

1.0 

Change in rhytlim 
to auricular 
fibrillation 

13.00 

Marked slowing of 

m 

Digoxin was contin- 
ued to a total dose 
of 42.75 mg. (171 
cat units) without 
further evidence of 
toxicity' 

2.0 

1.0 

Disappearance of 
Cheyne-Stokes 
respiration and 
nocturnal 
dyspnea 

6.0 

Nausea and vomiting. 
A-V nodal rhythm 
and VPC’s 

8.0 

/ 



1.0 

Change in rhythm 
to NSR 

5.0 

Nausea, vomiting and 
anorexia 

9.0 


2.0 

1.0 

Slowing of VE. 
Diuresis 

3.0 

Nausea and vomiting 

5.0 


Average J 

3.75 

1 

6.0 
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PA- 

TIENT 


Table 


AGE 


45 


62 


67 


66 


65 


65 


54 


59 


Slow Digitalization -^Vith Single D.vily 


SEX 


M 


M 


M 


M 


M 


54 M 


F 


DIAGNOSIS 


ETIOLOGIC 


'Arteriosclerosis 


Arteriosclerosis. 
Hj'pertension. and 
unlcnoAvn 


Arteriosclerosis. 

Hj-pertension 


Arteriosclerosis. 

Hypertension 


Arteriosclerosis 


Arteriosclerosis 


Arteriosclerosis 


ANATOMIC 


Enlarged heart. 
Mj'oeardial fibrosis. 
Coronarj' sclerosis. 
Old myocardial in- 
farct 


Enlarged heart. 
M 3 mcardial fibrosis. 
Coronary sclerosis. 
Aortic insufficiencj' 


Enlarged heart. 
M 3 ' 0 cardial fibrosis. 
Coronar 3 ' sclerosis 


Enlarged heart. 
M 3 ’oeardial fibrosis. 
CoronaiT sclerosis 


Enlarged heart. 
M 3 'Ocardial fibrosis. 
Coronar 5 ' sclerosis 


Enlarged heart. 
Myocardial fibrosis. 
Coronar 3 ' sclerosis 


Enlarged heart. 
M 3 mcardial fibrosis. 
Coronary sclerosis 


P |Rheuniatic fever 
(inactive) 


F Arteriosclerosis. 
Hypertension 


Enlarged heart. |AF 
iMitral stenosis. 

Mitral insufficiency 


PHYSI- 
OLOGIC t 


NSR 


NSR 


NSR 


AF 


INSR 


NSR 

Right BBB 


NSR 


degree 

OF CON- 
GESTHTE 
HEART 
F.\IL- 
URE* 


N 


N 


N 


N 


Coronary sclerosis. 

, M 5 ’’ocardial fibrosis. 
Old ni 3 'ocardial in- 
farct 


NSR 


WEIGHT 

IN 

POUNDS 


100 


139 


260 


1S4 


155 


135 


126 


lOS 


139 


dailv 

DOSE OF 
digoxix 
IN MG. 

“l.25 


1.50 


1.50 


1.50 


1.50 


1.50 


1.25 


1.00 


1.25 


I I I I I ' . . 

*Ascertained by general appearance of patient and clinical response duri g 
eriod of control. .. „„„ branch block; VPCi 

tNSK, Normal sinus rhythm ; AF, auricular fibrillation ; BB , 
ventricular premature contraction ; VR, ventricular rate. 











































ROSK KT Ali.: 


ClilNlCAL STUnilvS ON DIOOXIN 


Doses ok Diooxin- ix HosriTAi.izEn Datik.xts 
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Tabu: 


S1.0W Digitauzation’ With Sikgi.e D.ubv 


I’A- 

TtENT 


AGE 


38 


65 


50 


36 


53 


25 


61 


10 


50 


SEX 


M 


M 


M 


M 


M 


M 


M 


M 


DIAGNOSIS 


ETIOLOGIC 


Rheumatic fever 
(inactive) 


Arteriosclerosis. 

iHj'pertension 


Enlarged heart. 
Myocardial fibrosis. 
Coronary sclerosis. 
Dilated aorta 


Rlieumatic fever 
(inactive) 


Rheumatic fever 
(inactive) 


Unknown 


Rheumatic fever 
(inactive) 


Hypertension. 

Arteriosclerosis 


Arteriosclerosis 


Hypertension 


ANATOMIC 


Enlarged heart. 
Mitral stenosis. 
Mitral insufficiency 


Enlarged heart. 
Mitral stenosis. 
Mitral insufficiency 


Enlarged heart. 
Mitral insufficiency. 
Aortic insufficiency 


Enlarged heart. 


Enlarged heart. 
Mitral stenosis. 
Mitral insufficiency. 
Aortic insufficiency 


Enlarged heart. 
Myocardial fibrosis. 
Coronary .sclerosis. 
Old myocardial in- 
farct. 

Dilated aorta 

Enlarged heart. 
Myocardial fibrosis. 
Coronary sclerosis 



PHYSi- 

ODOGIC 


AF 


AF 


AF 


NSR 


AF 


AF 


NSR 


DEGREE 
OF CON- 
GESTIVE 
HEjVRT 
FAIDUKE* 


+ + + 


+ + h 


+ + + 


+ + + 


+ + 


+ + 


weight 

IN 

DOUNDS 


170 


171 


157 


147 


167 


dairy 
dose or 
digoxix 
IN .MO, 


163 


150 


176 


150 


144 


1.25 


0.75 


1.50 


1.00 


0,75 


1.50 


0.75 


^Ascertained bj' general appearance 
period of control. 


of patient and clinical response durmp 
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CETKICAE STUDIES OX DJfiOXIX 


111 

Doses of Diooxik ix AMitiiEATOitv Datiekts 


theuafeetic effect 

WEEKS 

r.E- 

QUtnEn 

TO.XK’ 

EFFECTS 

\vki:ks 

HK- 

Quiurj* 

i 

ItE.MAKlC.S 

Slowing of VK. 

Complete alleviation of 
failure. 

Diuresi.*: 

O 

1 

1 

Patient, diseonlinued medienlioii aft- 
er two week.s. Returned to elitiie 
with heart failure six weeks later 

SloAving of Vll. 

Complete alleviation of 
failure. 

Diiire.si.s 

I 


1 

1 

Patient eoutinueil litis dose for to- 
tal of 0 weeks wilhotil ttvidence of 
toxicity. Returneil to clinic with 
hetirt failure -1 weeks later 

Xonc 

1 

1 


Pivlient hospitali/ed after 1 wei-k with 
jier.sisliiig nmrked failure when he 
W!is redigittili'/ed (set' Tiil>h> IV, 
Patient 1) 

.Slowing of VR. 

Diure.*.-!.'. 

Complete alleviation of 
failure 

1 

jVPC’s with 
coupling 

i 

T) 

Medicsitioii \va,'- disciuitiniied. Pa- 

tient hiid luoderJite failure whea li<.> 
n>tiirned to clinic 7 weeks later 

Exactly as alwve 

1 



Piititmt lists coiitiniieil this tlOso for 
over 7 weeks with ;io toxieity 

SloAving of VR. 

Complete alleviation of 
failure 

o 



I’atient Ittis eontimn'd this dose for 
over I^’ week.s without toxicity 

Slow decrease in failure j 

d 

i 


Drug c.oiuinueti for t* weeks without 
toxicity 

Slowing of VR, 

Diure.si.s 

1 

1 



Drug continui'il for wt-idis without 

toxicity. (Patieui had jirevioiisly 
retpiircil large doses of digitalis 
preparations for muiuteuunce) 

Slowing of VR. 

Complete alleviation of 
failure 

] 

Xmiseu 1 

i 1 

7 


Diuresis 

1 

Xausoa 

1 

** ! 


None 




This dose contimied for 12 Wi'ek.s, 
then ine.rett.sed 

Slowing of VR 

1 " 


i 

Patient eontinned this do.se for !' 
weeks Avitlioiit toxieitv 


i 

[Anorexia. 

Nau.sca. 

Vomiting 

1 

1 

Unnhio to evaluato fherapeutie re- 
.sponso 
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PA- 

TIEXT 


Table 

Results of Digit^llizatiox With 


(iJ 


5(j 


50 


5S 


71 


54 


AGE 


39 . 


SEX 


M 


Rheumatic fever 
(inactive) 




Arteriosclerosis. 

Hj’pertension 




M 


F 


M 


DIAGNOSIS 


ETIOLOGIG 


Enlarged heart. 
Mitral insufficiency. 
Mitral stenosis 


Enlarged heart. 
Coronary sclerosis. 
Myocardial fibrosis 


Arteriosclerosis. 
Hj'pertension. 
Pulmonary fibro- 
sis and emphy- 
sema 


Enlarged heart. 
Coronary sclerosis. 
Myocardial fibrosis 


Hypertension 


Arteriosclerosis. 

Hypertension 


Arteriosclerosis 


Hypertension.^ 

Arteriosclerosis 


ANATOMIC 


AP 


AF 


iNSR 


Enlarged heart 


Enlarged heart. 
Coronary sclerosis. 
Myocardial fibrosis 


Enlarged heart. 
Coronary sclerosis. 
Mvocardial fibrosis 


Enlarged heart. 
Coronary sclerosis. 
Myocardial fibrosis 


PHYSI- 

OLOGIC 


NSE 


AF 


AF 


,NSE 

VPC's 


DEGREE 
OP CON- 
GESTIVE 
HEART 

failure* 


WEIGHT 
IN 
POUNDS 




+ + + 


-1 -f 


-t-f-l-t 




+ + 




DOSE or 
D1G0.XIA- 
IN 5IG, 


175 


20.0 


168 


150 


188 


129+ 


1561 


1.5 


l.Ta 


2.5 


1.5 


2.U 


1.0 


2.0 


•Ascertained by general appearance 
period of control. 


clunng 


a. prcliroi'’^ 
















ROSK KT AL. ; 


CIANICAL STU1)I1-S OX DIOO.NIX 


m 


IV 

Single Intravenous Doses or Digoxin 


INITIAL ther- 
apeutic EFFECT 

TIMK 

OF 

ON- 

SET 

FULL THERAPEUTIC 

effect 

TIME 

OF 

ON- 

SCT 

Toxir 

EFFECT 

Ti.Mi: 

OF 

ON- 

sin' 

REMARK.S 

Slowing of VR 
(126-9G) 

15 

min. 

Diuresis. 

Fall in venous 
])ressuro 

24 hr. 

None 



Slowing of VR 
(1 28-90) 

r,\ 

min. 



None 

! 

Ventricular rate remained 
slowed, and lowered ve- 
nous pressure persisted, 
although no other ther- 
aiienlic effect was noted 
for eight days. There- 
after patient improved 
jirogressivcly, with com- 
plete allevijilion of fjtil- 
ure on bed rest without 
further cardiac medica- 
tion 

None 

1 

None 


None 


Patient showed no objee- 
live or .‘•ubji'clive im- 
provement after admin- 
istnition of the ilnig, 
possibly becau.se of pul- 
monary disease 

Fall in venous 
pressure 
(185-142 mm. 
H.O). 

Slight subjec- 
tive improve- 
ment. 

Diuresis 

14 

min. 

Fall in venous 
pressure to 118 
mm. n,0. 

Continued subjec- 
tive improve- 
ment 

21 hr. 

None 



Fall in VR 
(95-74). 

Fall in venous 
pressure 
(205-177 mm. 
H,0) 

10 

min. 

Fall in venous 
pressure to ."S 
mm. 11,0. 

Marked clinical 
improvement. 

Diuresis 

21 hr. 

None 



None 

1 

None 


VPCV 

with 

coupling. 
Runs of 
ventricu- 
lar tachy- 
cardia 

17 

min. 

G5 

min. 

Patient showed no im- 
provement. Continued 

to Imve miriculnr filtril- 
Intion u'illi runs of veil- 
triculnr tachyenrdin. He- 
enme rajiidly iind pro- 
gressively worse and 
died on third day after 
digitalization 

Fall in venous 
pressure 
(118-88 mm. 
H.O) 

min. 

Clinical improve- 
ment. 

Diuresis. 

Fall in venous 
pressure to 47 
mm. H.O. 

Weight loss of 7 
pounds 

24 hr. 

None 
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Taiii.k 


PA- 

TIENT 

AGE ; 

3EX 

DIAGNOSIS 

DEGREE 1 
OF CON- \ 
GESTIVE 
heart I 

FAILURE* 

VEIGIIT I) 
IN B 
’OUNDS : 

OSK or 

IGOXIX 

IN MG. 


ETIOLOGIG 

ANATOMIC 

PHYSI- 
OLOGIC ! 

8 

48 

F ] 
1 

Rheumatic fever I 
[inactive) ' J 

^■1 

■ 

+ 

142 

1.5 

9 

77 

F 

Arteriosclerosis 1 
( 

i 

Enlarged heart. i 

loronarj' sclerosis. 
Myocardial fibrosis 

^F 

+ 

ns.\ 

1.5 

10 

39 

F 

Rlicumatic fever 
(inactive) 

Enlarged heart. 
Mitral stenosis. 
Mitral insufficiency. 
Dilated aorta 

AF 

1 

+ + + 

]45 

1 ‘2.0 

11 

51 

“F” 

Arteriosclerosis 

[Enlarged heart. 
Mitral insufficiency. 
Coronary sclerosis. 
Mvocardial fibrosis 

AF 

+ + 

1 / i 


+ 

102 

222 

2.0 

2J) 

12 

22 

F 

Rheumatic fever 
(inactive) 

Enlarged heart. 
Mitral stenosis. 
Mitral insufficiency 

AF 

13 

(55 

M 

Arteriosclerosis 

’ Enlarged heart. 
Coronary sclerosis. 
Myocardial fibrosis 

Anriculai 

flutter 

r -t-l- -t- 




.ven cases the therapeutic effect was iudefiuHo, '> 7 “;“' * 

ainimal degree of congestive tlierapeutic and 

hadowed by toxic mamfestetions. ■ Uecaiisc digitalization took 

oxic doses were apparently identica , pei n ‘ 1 digitaliza- 

,ace rapidly. Three patients were Patient 

;ion. No appreciable effect was no e o£ quinidme. 

20 , who subsequently regained noinic digoxin, but five day.s 

Patient 28 did not respond to the satisfactory response. 

atcr redigitalization with *7“ ,„„gcd between 2.0 and 

rhe toxic dose, with the La „„ricnlav ilutlcr, re- 

12.0 mg. (average, 6.0 mg.) . a 1 , observed, and 21 "S- 
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IV — CONT 'd 


INITIAL 

THERAPEUTIC 

EFFECT 

TIME 

OF 

ON- 

SET 

FULL THERAPEUTIC 

EFFECT 

TIME 

OP 

ON- 

SET 

TOXIC 

EFFECT 

time 

OP 

ON- 

SET 

KE.MAKKS 

Fall in VB 
(160-120) 

15 

min. 

Fall in VB to 97 

1 hr. 

None 



15 

min. 

Pall in venous 
pressure from 
182-75 mm. H.,0 

4 hr. 

Fall in VB 
(101-88) 

15 

min. 

Fall in VB to 79. 
Abolition of pulse 
deficit. 

Complete symp- 
tomatic relief 

■J hr. 

None 



Fall in VB 
(119-105) 

15 

min. 

Fall in VB to 82. 

.Marked relief of 
all subjective 
signs. 

Abolition of dysp- 
nea and ' 

orthopnea j 

24 hr. 

None 



Fall in venous 
pressure 
(3^-246 mm. 

60 

min. 

Fall in VB 
(144-109) 

15 

min. 

Pall in VB to 79. 
Marked subjective 
improvement 

2 hr. 

Nausea. 

Vomiting 

2:} hr. 


Fall in VB 
(120-98) 

27 

min. 

Fall in VB to 70. 
Marked subjective 
improvement. 
Spontaneous sleep 

U hr. 

None 


i ^ 

Venous pres- 
sure fall 
(128-95 mm, 
H,0) 

11 

min. 





Patient improved clinical- 
ly, with increase in de- 
gree of A-V block for 2 
hours and 20 minutes, at 
which time he abruptly 
lost consciousness, res- 
piration failed, cj’anosis 
appeared, and death en- 
sued witliin a few min- 
utes 


The type of toxicity tvns in no way different from that usnallv obseiwet 
will, the whole leaf of digitalis pui-purea. Anorexia, nausea and yomit 

and ‘l-V 5C' reirUtPh. Tht7''r“‘ 

and disappeared sponla iieol ;t; refe,"'™ 

Single da«“y doL “ 

possible to ascertain the therapentie dose in only ,„nre.st' ”4; othZ 
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did not have congestive heart failure at the time of digitalization. In 
these four cases the therapeutic dose was within the range noted for the 
rapid method of digitalization, but occurred, as was to be expected, a 
few daj^s later. The toxic dose ranged from 3.75 to 9.0 mg. (average, 
5.9 mg.). Although the same tjToe of toxicitj^ occurred, it was of short 
duration, and not as severe as that which was observed in the rapidly 
digitalized patients. 

PATIENT I AGE 4-5 (SEE TABLE 111) 

CARD lAC D1 AG N OSIS 
A. H YPERTE NSION 
a ENLARGED HEART 
C. AURICULAR FIBRILLATION 



+• tQ (Table III)> slow digitabza- 
In eight of the nme ^bulatoi-r paten ^ 5 50 „a 

erapy. B was possible to studj cu=na 
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trials ill two cases and in throe trials in another. Four patient-s de- 
veloped toxicity. This occurred several weeks after nut latino- theiapj , 
which was in contrast to the hospital group whb received the same daile 

doses. 




C 





(Lead 2) of Patient 8. Table lY, -with auricular 
fibrillation, after digitalization by means of a single intravenous dose of 3 5 mg of 
dlgoxm. A, Control: ventricular rate. 170 per minute. B, Twenty minutes after 
digoxm: ventricular rate. 108 per minute. C, Forty-five minutes later: ventricular 
rate, 84 per minute. D, Four hours and forty-five minutes later: ventricular rate 7*^ 
per minute. ’ 


Ten of the 13 patients who were digitalized willi a single intravenons 
injection of digoxm (Table IV) .sliowed objective evidence of iinprove- 
ment. In the group of patients with auricular fibrillation this was 
usually dramatic, with slowing of the ventricular rate ivitliin fifteen 
minutes after the drug’s administration (Fig. 3). A eoneomitaut fall 
in venous pressure and diuresis were also initiated, and were the best 
indices of effectiveness in patients with normal sinus rliytlim. Patient 
6, a 71-year-old woman with arteriosclerotic lioart disease, developed 
ventricular premature systoles, with coupling, seventeen minutes after 
1.5 mg. of digoxin, and subsequently developed ventricular tachycardia, 



Maintenan 
majority of 
and 1.5 mg. 
eat unit poti 
digoxin as of 
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Electrocardiographic changes ■ were noted in ' j 

regardless of the method of digitalization. These consisted of the tMiica 
T and S-T segment depressions (Pig. 4). It was onr J'', 

these changes were not nsnally as striinng as those winch arc produce 

hy digitalis leaf. 


r»TCjnT7.c:?iTnTvr 


Digoxin was found to fulfill all of the requirements 4> winch are de- 
manded of a satisfactory digitalis preparation when it is given oral >. 
The ventricular rate in patients with auricular flhrillation was con- 
trolled, and diuresis occurred in the majority of the rapidly digitalized 
patients within tAveiity-four liours. In order to compare the potcnc> o 
powdered digitalis leaf with that of digoxin, it is necessary to translate 
the milligram dosage values of digoxin into cat units. Since 0.192 mg. 
of digoxin are equivalent to one cat unit, the clinical potency is the same 
as that of digitalis leaf. The average therapeutic and toxic doses, as 
ascertained hy rapid digitalization, were 19.5 cat units (3./5 mg.) and 
31 eat units (6.0 mg,), respectively. The ratio of toxic to therapeutic 
doses was also found to be similar to that of digitalis leaf. In the hospital 
group who were digitalized hy giving large single daily doses, the toxic 
dose was found to he almost identical to that which was observed when 
the Eggleston method was used. The toxic dose was larger in the amhula- 
tory group, who were digitalized similarly. This may have been due to 
the fact that observations in the ambulatory grou]i were necessarily loss 
frequent than in the hospital group. However, because these two groiqis 
were not large, adequate conclusions cannot be drawn. 

In the ambulatory group a considerably larger dose Avas required for 
maintenance than Avould have been expected from the observations in 
the group avIio were rapidly digitalized by the Eggleston method; this 
was probably because of the rapid elimination of digoxin, which has been 
noticed by previous investigators.^"’ * Schwab’'" slated that, beean.se of 
rapid elimination, iJie establishment of a maintenance dosage of digoxin 
Avould be difficult. Herrmann® and Sclnvab both estimated that Die 


amount required for maintenance was a])proximately one-third of the 
quantity necessary to produce full digitalization. These conclusions were 
not supported by our study. We had no difficulty in establishing a 
maintenance dosage, and this ivas usually found to be considerably less 
than one-third of that estimated for full digitalization. Twelve patients 
of the group of 24 requii-ed 0.5 mg. or less, and only three required more 
than 1.0 mg. for adequate maintenance. 

In the course of our study, liowever, u’e did note other indications 
of ppid “dissipation” of digoxin. In the rapidly digitalized group 
toxicity was usually of brief duration; it. commonly disaiipeared within a 
few hours after discontinuance of the drug. In several patients the 
toxicity Avhich was produced hy initial digitalization with digoxin sub- 
sided within twenty-four to forty-eight hours, even though an adcqimtc 
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daily maintenance dase o£ digitalis leaf was immediately given at the „„ 
set Of tottteity. (This was first noted when a maintenance dost west 
a -ser eutJy started on a patient who had become toxic) The same 
phenomenon was observed by Pahr and LaDue® with ianatoside C. In a 
number of patients who were digitalized with single daily doses, ad- 
ministered at noon, anorexia and nausea appeared only for several hours 
at night. These patients were able to continue taking the same daily 
dose for several additional da.ys ivithout further development of toxicity. 
Studies on the dissipation of digoxin are still in progress. 

Digoxin was remarkably’- and rapidly^ effective when given parenterally. 
The therapeutic effect was evident within, fifteen minutes in tlio.sc 
patients who responded. It must be emphasized, however, that the same 
dangers which are inherent in the parenteral use of all digitalis prepara- 
tions are present. It is never possible to predict accurately the proper 
individual therapeutic dose, and, therefore, when large doses are used, 
the possibility* of causing severe toxicity’ and even death must be remem- 
<.bered. Two deaths in our series followed the administration of digoxin 
intravenously’. One was a patient with auricular flutter whose death may 
well have been caused by’ embolism. The second was an elderly woman 
who had severe failure, and, therefore, rapid digitalization was thought 
advisable. Despite lack of clinical or electrocardiographic evidence, there 
is a very good possibility’ that her death may’ have been caused by con- 
comitant myocardial infarction. Permission for autopsy was not ob- 
tained in either of these cases. 

Our study’ indicates that the following are the proper doses of digo.xin. 
For rapid digitalization w’ith the oral preparation, an initial dose of 1.5 
mg, should he given, followed by doses of 0.75 mg. at six-hour intervals 
until the desired therapeutic effect has been achieved. At this time a 
daily’ maintenance dose of 0.50 or 0.75 mg. can be given. This dose may 
be increased or decreased by’ 0.25 mg., according to the requii ament o 
the individual patient. For digitalization with single daily ^^ses we 
suggest giving 1.0 to 1.5 mg. Because our studies on the use o 
parenterally’ -were done with the primary purpose of evaluating e ime 
of onset of therapeutic response, and because w’e are still stu ymo ic 
effect of the administration of smaller amounts, we are not prepai 
at this time to recommend doses with this method of adminis ra ion. 

SUMMARY 

1. The effects of digoxin, a pm-ified 

obfained from digitalis lanata, were stndjed on 6o hosp.tateed 

33 ambulatory patients. o-qininistratioii 

2. The average therapeutic and toxic doses w’lth rapi 

orally’ were 3.75 and 6.0 mg., respectively’. ormT-oximalcly 

3. The requirement for maintenance with digoxin w’as p 

twice that of digitalis leaf. 
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4. Evidences in favor of rapid dissipation of digoxin are discussed. 

5 Digoxin by the parenteral route produces an effective response 
usually within fifteen minutes. Tlie inherent dangers of parenteral 
digitalization are considered. 

6. Digoxin satisfies the established criteria for a reliable, potent 
digitalis preparation. 

The authors acknowledge the assistance of Dr. Ludwig W. Eichna, of the De- 
partment of Medicine, New York University College of Medicine, and of several 
members of the resident staff of Lenox Hill Hospital, in obtaining data after the 
parenteral administration of digoxin. 
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PERSISTENCE OP EFFECT AFTER DIGITALIZATION BY 
COYIBINED USB OP DIGITALIS AND OUABAIN 

Robert C. Batterma^v, M.D., and William W. Engstrom, M.D. 

New Y'ork, N. Y. 

JN A-, previous communication" the combined use of ouabain and 
^ digitalis was shoAvn to be a satisfactory method of producing digi- 
talization. At that time it was thought that the slowing of the ven- 
tricular rate of patients with chronic auricular fibrillation brought 
about by giving the two drugs together would persist longer than 
when ouabain was given intravenously by the method of Wyckoff and 
Goldring,- but for a shorter time than when digitalis leaf was admin- 
istered orally by the Eggleston® method. Since data in support of 
tliis assumption were not presented, it is the purpose of this study to 
compare the relative rates of dissipation of the effects of ouabain and 
digitalis leaf when administered alone and in combination. The rela- 
tive efficacy of the three methods of digitalization vull not be considered. 

Since digitalis glycosides exhibit numerous and interrelated effects 
upon the cardiovascular system, it is possible that not all these effects 
persist for the same length of time in the same or different persons. 
The study was therefore limited to the main effects of digitalis on 
patients with congestive heart failure and chronic auricular fibrillation, 
i.e., slowing of the ventzdeular rate and improvement in myocardial 
efficiency, as manifested by relief from sjmiptoms and signs of conges- 
tive heart failure. 


selection of patients 

The clinical data on the patients Avhom we studied are outlined in Table I. A)! 
had chronic auricular librillation, and, when not under the influence of digitalis, 
had subjective and objective evidence of congestive heart failure, and tachycardia 
with a ventricular rate of more than 100 per minute. These patients \aried in 
the degree of their failure when under the influence of the drug. Some were 
asymptomatic with maintenance doses of digitalis. Others had moderate to sev ere 
congestive heart failure, and required diuretics, in addition to digitalis, 
tomatic relief. However, it was possible, even in such cases, to estima c 
cardiac reserve, so that there was no difficulty in observing an increase 
of failure when digitalis action had ceased. Nine of the twelve patients had inac- 
tive rheumatic heart disease and three had combined arteriosclerotic an J 
tensive heart disease. Patients with myocardial infarction uere exc u 
were in a chronic disease hospital where it was possible to oisene 
sufficient length of time before beginning the study, and jjenjs 

could be continued long enough to complete the obsenations, 'ina 
were cooperative and lent theniseH’es w-ell to the stud}. 

Prom the Department of .Therapeutics W'*' 

University College of Metlicine, and the Third (i\ea xo 
-Sion. Welfare Hospital for Chrome Diseases, ^e\^ ^oiK 
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Rheumatic fever 


Enlarged heart 
Coronary sclerosis 
Myocardial fibrosis 


Enlarged heart 
Mitral stenosis 
Mitral insufficiency 
Aortic insufficiency 


Enlarged heart 
Coronary sclerosis 
Myocardial fibrosis 


Enlarged heart 
Mitral stenosis 
Mitral insufficiency 


0.1-0.2 Moderate 


oT-J® estimation of the degree of the congestive heart failure was based upon the 
severity of the sjauptoms and signs of failure which the patient presented when not 
of di&italis, and upon the degree to which these symptoms were 
lelieved by digitalization or maintenance doses of digitalis. 

tin this patient the symptoms were of moderate failure early in the study later 
her symptoms became definitely milder. ^ 


METHOD 

During a preliminary control period which ranged from one to several months, 
the effectiveness of a maintenance dose of digitalis leaf was observed in order to 
estoate the cardiac reserve, i.e., the degree of compensation which could be ob- 
tained with the drug, in conjunction with rest in bed and limitation of fluid intake. 
Di|italis was then discontinued, and the patients were observed daily for signs 
and symptoms of development of, or an increase of, congestive heart failure and 
achycardia. When this state occurred and persisted in bed, the patients were 
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rapidly and fully digitalized by one of tliree methods. The procedure ivn. tw 
repeated, but digitalization was performed each time by a different method' How 
ever regardless of the method used, no more digitalis or ouabain was given until 
all the effects of the previous digitalization had disappeared. In this way nine 
of the twelve patients were digitalized more than once by each method. Twentv- 
one digitalizations were done with ouabain alone, twenty with the combined dnms 
and sixteen witli digitalis leaf alone. ’ 


The method of Wyckoff and Goldringa was used for digitalization with ouabain 
alone. An initial dose of 0.5 mg. (5 cat units) of ouabain* was given intraven- 
ously, followed by successive doses of 0.1 mg. every half-hour or every hour until 
toxic signs appeared or the ventricular rate fell below 70 per minute. The com- 
bined use of ouabain and digitalis, as previouslj’^ reported,i consisted of adminis- 
tering 0.5 mg. of ouabain intravenously simultaneously with 0.4 to 0.8 grams (4 
to 8 cat units) of digitalis leaf* orallj'. The third method was that recommended 
6y Eggleston,3 and consisted of giving, initiallj*, one-half of the total estimated 
dose, and the remainder in divided doses every six hours. Since we had had pre- 
vious experience with the ouabain and digitalis leaf preparations which were used, 
it was relativel}^ easj^ to ascertain the amount of each drug each patient would 
require to obtain the full effect. Since, cat unit for cat unit, ouabain is twice as 
potent in man as digitalis leaf, the appropriate dose of either preparation was 
known after the first digitalization with either drug alone. 

Before each digitalization an effort was made to allow the original degree of 
congestive heart failure and tachycardia to return. Also, we attempted to main- 
tain a constant level of digitalization by administering the drugs in doses suffi- 
cient to produce, for each comparison, a similar degree of toxicity. In this man- 
ner any question of insufficient or inconsistent dosage was obviated as far as 
possible. 

All of the patients were given the same general diet, and the salt and fluid 
intake was kept as constant as possible. The majority of the patients were kept 
continually in bed; several were semiambulatory when they did not have failure. 
However, in each case, a constant degree of activity was maintained. Each pa- 
tient was examined daily for evidences of congestive heart failure, and carefully 
questioned as to subjective sj'raptoms, such as dyspnea, orthopnea, palpitation, and 
pain in the liver area. The ventricular and radial pulse rates, counted for one 
minute, were recorded dailj', or more frequently when indicated. The patients 
were weighed daily, and blood pressures w^ere recorded at frequent intervals. Elec- 
trocardiograms w^ere taken several times during the control period, twenty-four 
hours after each digitalization, and every third or fourth day thereafter. 

During the course of the study, it soon became apparent that factors other than 
the digitalis preparation or method of digitalization influenced the persistence of the 
digitalis effect in a given case. For example, any alteration in the degree of 
the congestive heart failure, produced either by mercurial diuretics or by mechan- 
ical means, such as paracentesis, would greatly influence the A’entricular rate. For 
this reason, while w-e were comparing the effects of the three methods, those fac- 
tors which might alter the cardiovascular status of the patient were avoided or 
excluded from the study. However, in two instances (patients 1 and S) such a 
change in status occurred, but because the change was between the series of com- 
parisons and did not occur while comparing the methods with one another, the 
results are included. 


•Amuules of ouabain, in a concentration of 2.5 cat units per cubic centimetei- ami 
tabl^f digltX Uole leaf), of cat unit 

Carroll Dunham Smith Pharmacal Company Oiange, New 
these preparations was confirmed in our laboratory bj the Hatcnei ana is > 

of assay. 
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RESULTS 

The details of the individual digitalizations are suinniarized in 'i'ablc 
II. The results are considered in three categories, namely, the time, 
in days, required for the reappearance of congestive heart failure, llie 
development of tachycardia (ventricular rate 100 or over), and a jire- 
eipitous rise of the ventricular I'ate to a level usually assoeialod with 
uncontrolled auricular fibrillation. On the average, these reappeared 
earliest after digitalization with ouabain alone, next with combined 
ouabain and digitalis, and last with digitalis alone. The means and 
their standard errors for each method of digitalization are presented 
in Table III. 
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The patients with severe failure exhibited a shorter duration of 
digitalis action by any method of digitalisation than did those ivitli 
imlder symptoms of diminished cardiac reserve (Table III) This is 
well Illustrated by patients 1 and 8 (Table II), who had altered their 
cardiac status during the study. When patient 1 had severe failure 
Signs and symptoms reappeared in three, four, and six days after dio-i- 
talization with each method, respectively, and nine, ten, and nineteen 
days, respectively, when compensation occurred spontaneously. 

Whether other^ factors, sucli as age, sex, or type of heart disease, 
were, significant in determining the persistence of the digitalis effect 
could not be concluded from this study. 

Since an investigation of this sort affords an ideal opportunity for 
an analysis of the course of events from the time of full digitalization 
to the period of congestive heart failure, it is of interest to consider 
the frequency with which symptoms and signs of heart failure precede 
the recurrence of tachycardia and the precipitous rise in ventricular 
rate (Table IV) . In 21 per cent of the trials, failure preceded the rapid 
ventricular rate, and in 50 per cent of the trials, failure appeared 
before the precipitous increase in rate. 


Table W 


THE APPEARANCE OR INCREASE OP 
CONGESTIVE HEART FAILURE 

NUMBER OP 
INSTANCES 

PER CENT OP 
DIGITALIZATIONS 

Before tachycardia (rate over 100) 

12 

21 

occurred 



Simultaneously mtli tachycardia 

31 

55 

After tachycardia occurred 

14 

24 

Before precipitous rise in ventricular 

27 

4S 

rate occurred 



Simultaneously with precipitous rise 

23 

41 

After precipitous rise occurred 

6 

11 


The percentage of all digitalizations in which symptoms and signs of heart 
failure precede, occur simultaneously with, or follow, the recurrence of tachy- 
cardia and the precipitous rise in ventricular rate. 


COMMENT 

It should be made clear that this study was limited to patients with 
chronic auricular fibrillation who, Avhen not under the influence of digi- 
talis, showed signs and symptoms of congestive heart failure and tachy- 
cardia. Whether or not similar results would be obtained with othei 
forms of heart disease which have different characteristics must avait 
further investigation. 

As might be expected on theoretical grounds, the duration of the 
effect of ouabain and digitalis in combination was intermediate be- 
tween that of oubain alone and that of digitalis alone. Thus, oua am 
maintained a slow ventricular rate for a mean period of 4.3 days, 
ouabain and digitalis, for 9.6 days, and digitalis leaf, for 16.1 days. 
It should be emphasized that what is being measured in this study is 
not actual elimination of the drugs, but persistence of their effect. 
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Cogmzanee of this ditEerence was stressed by 

fnv Pxnlainino- in part the variations noted in the same oi chiteienr 

persons. It is” well Wn that, after initial 
patient can tolerate, within 24^honrs, .a s«l>se,uentJos^o£ »aban. 


a 


or digitalis leaf as if no ouabain liad been given pi-eviously. _ 
would indicate rapid elimination of the drug, and yet the initial c igi- 
talization will last, on the average, for four days. Although the elimi- 
nation of digitalis leaf is much slower, as demonstrated by 1 ardee 
and Gold,-* it is conceivable that here also the cfEect will outlast the 
actual elimination of the drug. 

Abundant evidence, both clinical and laboratory, has accumulated 
to attest the fundamental actions of digitalis — an increase in the force 
of systolic contraction® and an increase of the mechanical efficiency of 
the heart muscle." This brings about restoration to normal function 
and improvement in the cardiac reserve and compensation within the 
limits of the severity of the heart disease. Previous studies on the 
persistence of this action of digitalis are lacking chiefly because undue 
emphasis has been placed on the ventricular vale. Considering, there- 
fore, the reappearance of congestive heart failure, the action of ouabain 
will persist on the average for 4.9 days, that of ouabain and digitalis 
combined for 10.5 days, and that of digitalis leaf for 17.2 days. 

That great variation in the persistence of the digitalis effect occurs 
not only in different persons but also in the same person at different 
times is clear from the earlier studies,®' ® and also from our investiga- 
tion. The patients who had the most severe heart failure, who re- 
quired, in general, a larger dose of digitalis for maintenance, and who 
usually showed some signs of decompensation when they were fully 
digitalized exhibited a shorter duration of effect than did those with 
milder symptoms of failure and a better cardiac reserve. This is prob- 
ably one of the important reasons why differences in persistence of 
effect are observed in different patients, even though they are digi- 
talized to the same degree and by the same method. However, other 
factors certainly are present. Although the ivork of Boas® was not 
directly concerned with the persistence of digitalis effects, tlie factor 
of disturbed “vagus accelerator balance,” which occurs in fever and 

another reason for variations in duration 

The relationship of the recurrence of heart failure to tachycardia 
s of particular interest m view of the present concept*® that the slow- 
ing of ttie ventricular rate is primarily due to improvement of the 
irculation and secondarily to depression of the eonductiim system 

stimiiiarion of the vagus when eompen.sation is restored Tf e i 

itauTot* ^ 
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on the average, taehycardia and congestive heart failure seemed to 
leeur at the same time. However, on closer analysis, when the course 
of events are grouped together, regardless of previous method of dini- 
talization, in only 24 per cent of the cases did tachycardia occur before 
failure reappeared. In an almost identical number of instances, 21 per 
cent, failure preceded the tachycardia, whereas, in 55 per cent, it 
seemed to occur simultaneously. Furthermore, when one considers 
a very rapid ventricular rate usually found in uncontrolled auricu- 
lar fibrillation, failure preceded this state in almost half of the in- 
stances, and in only 11 per cent of the digitalizations Avas this re- 
versed. HoAvever, Aviien eacli patient is considered indiAudually, there 
is no adequate means of ascertaining Avhat the optimum ventricular 
rate for compensation should be. The appearance of failure with a 
rate of less than 100 per minute might signify that this rate was a 
“tachycardia” for this patient, and therefore detrimental to myo- 
cardial efficiency. Nevertheless, it is our belief that the dissipation of 
the effects of digitalization occurs in the following order. First, there 
is a gradual increase in the Amntrieular rate as the myocardial and 
vagal components of the digitalis action i^rogressively decrease. The 
heart then responds ^at a rate compatible with the demands of the 
underlying cardiac reserve. As the myocardial effects of digitalis 
diminish, or because the increased ventricular rate places an added 
burden upon the heart, the patient develops signs and symptoms of , 
congestive heart failure. This initiates a reflex mechanism which 
causes a further rise in the A’-entricular rate in an effort to maintain 
the circulation. Such an explanation Avould account for the “tachy- 
cardia” which occurs in many instances before the onset of failure, 
whereas an “uncontrolled” rapid Amntricular rate in the majority of 
instances occurs “simultaneously” or after the development of failure. 


SUMMARY 


1. Digitalization Avith ouabain, digitalis alone, and AAUth the tAVO in 
combination Avas carried out tAventy-one, sixteen, and tAA’^enty times, re- 
spectively, in tAvelve patients Avith chronic auricular fibrillation. 

2. The persistence of the effect upon the Amntricular rate and control 
of the congestive heart failure Avere shortest after digitalization Avilh 
ouabain alone, longer AAuth ouabain and digitalis combined, and longest 
with digitalis alone. 

3. The digitalis action aa^s shortest by any method of digitalization in 
the patients Avho had seAmre congestNe heart failure. 

4. The relationship betAveen the rapid ventricular rate of auricular 
fibrillation and congestiAm heart failui'e is discussed. 


The authors wish to express their appreciation to Dr. J. ]\rurray Steele, Direc or 
of Third Medical Division, Welfare Hospital, for Ins valualde sugses ions .in 
criticisms; and to Dr. Eobert A. Lehm.au for tlie statistical analysis of the resu 
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AN ELBCTROOAEDIOGRAPHIC AND CLINICAL STUDY 

OF LANATOSIDE C 


R. i\I. Tandowsky, M.D. 
Los Angeles, Calif. 


T3 ECENT clinical studies^ liave demonstrated the rapiditj’" with wJiicli 
A ^ lanatoside C acts in the presence of congestive heart failure. These 
studies, however, do not include graphic or definite substantiating physi- 
cal evidence. 

It was the purpose of this investigation to compare, eleetrocardio- 
graphically, the effect on the myocardium of lanatoside C intravenously 
with that of digitalis purpurea by mouth. Many are of the opinion that 
the action of orally administered digitalis purpurea is for the most part 
sufficiently rapid, as compared with that of a glucoside given intra- 
venousl 3 ’'. It has been shown repeated!}’' that intravenous therapy is 
desirable for patients who are suffering from gastrointestinal disturb- 
ances, or are in extremis, when the absorption of a drug such as digitalis 
is definitely slowed. In the latter instance the time element maj’’ be an 
important factor in therapy. Recent observations by Fahr and LaDue 
and others^'® have demonstrated that the rapid clinical effectiveness and 
low toxicity of lanatoside C are due to its chemical composition. In 
view of these obsenmtions it was felt that electrocardiographic study of 
patients who were receiving this drug might offer additional confirma- 
tion of a digitalis effect. 

Lanatoside C is one of the three crystalline, stable, initial glycosides 
of digitalis lanata. It has no counterpart in digitalis purpurea, and 
occurs only in the lanata plant. The exact relationship betiveen digitalis 
purpurea and digitalis lanata has been elucidated bj’- the extensive 
studies of Stoll." He has shown that the hitherto best knoivn gtycosides 
of digitalis purpurea, digitoxin and gitoxin, are products of degradation 
which have lost one acetyl and one glucose molecule. Digitalis glj’^cosides 
consist of aglycones, chemicalty bound to a varjdng number of sugars. 
Smith® has shown that the aglycone of. lanatoside C differs from the 
other aglycones (genins) of digitalis purpurea and lanata. Although 
the aglycones possess the cardioactive properties, the sugar components 
appear to influence absorbability and fixation power. Therefore, it was 
felt that electrocardiographic observations should be made, for it is 
known that different preparations of digitalis vaiy somewhat. Rothlin, 
Chen and co-workers,"® 'and others have shown experimentally that the 
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pharmacologic eftceUvcncss o£ Ihcao glyeos.dca .a 

L sogar content. Viaachcr and Potcn" measured " ' , 

lism of the heart and shorved that lauatosulc C „f 

effioiency of the failing heart move rapKliy and rvith a gteale. m,u„i 

safety than other preparations. _ . 

The cat unit assay (Hatcher Brody method) was ignore ^ . 

yestigation, because recent studies by Gold and his as.socia1e.s - Inne 
clearly shown that cat units are no indication of the therapeutic poteim. 
of digitalis in man. Moreover, since lanato.side C is a pure crystal me 

substance, biologic assay is not neee.ssary. 

LaDue^®'^^ has shown that lanatoside C can be given in Iherapeutie 
doses to human beings over a long period of time without danger of pro- 
ducing morphologic changes in the niyocardiuin. This has been con- 
firmed experimental!}' by the fact that, when complete digitalizing doses 
were given intravenously to dogs every day for thirty days, the heaxt 
muscle was found to be histologically normal. This observation led to 
the bold method of administration used in this stndy, namely, the one- 
unit dosage. 

MATEHIAL AXD METHODS OF STUDY 


The criteria of a digitali.s efToct vere the time necessary to obtain maximal 
depression of the RS-T segment in Lead II of the olcctrocardiognim, the rapidity 
with which the signs and symptoms of congestive failure disappeared, and the 
time required for the abolition of the segment changes. The standard digitalis 
purpurea leaf (U.S.P.) was used in one group because it i.s routinely used in our 
wards at the General Hospital. 

Normal Controls . — Each of tu'o normal, healthy adults received LG mg. (S e.e.) 
of lanatoside C intravenously over a period of sixty seconds, and two others were 
given 16 grains of digitalis purpurea leaf orally on a fasting stomncli in a single 
dose. Four-lead electrocardiograms were recorded prior to tlie administration, 
and at intervals of fifteen minutes thereafter for a period of two hours. Further 
tracings were tahen at varying intervals for a.s long as seventy-two hour.s. 

Congestive Faihire . — Forty patients with congestive failure were divided into two 
groups, irrespective of age, eliologj-, or severity of tlie congestive failure. Tlie 
patients in one group received 10 grains of digitalis purpurea orally, and tho.se in 
the other group received a single dose of l.C mg. of lanatoside C intravenously. 
Electrocardiograms were recorded in a like m.anner, and the resiionsc was ob- 
served clinically. 

Particular attention was given to the incidence of toxic ctTects. Because of 
the severity of the congestive failure in .some ca.ses it was sometimes impossible 
to continue this study over a prolonged period of time. In .such cases, or when 
complications required other method.s of therapy, these wore instituted 




In the two normal controls who received lanato.side C, the maximal 
depression of the ES-T segment occurred in tliirty minutes in one and 
in twenty-five minutes in the other (Table I and Pig. 1). A cli-italis 
effect, however, was first noted in the electrocardiogram approxiinalelv 
fifteen minutes after the injection of lanatoside C, as manifested bv a 
Shgh. dep« Of the RS-T se„t. Througtat .he elSe pcLS 
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Table 1 

COMPAKATIVE EFFECTS OF LANATOSIBE G (1.(3 Mfi. I.V.) AXD WlIOIF 

Digitalts Purpurea (1.2 Gm. Orally) on KS-T Segment anb IIeIrt IUte 


MAXIMUJI RH-T SEGMENT CHANGE 


Patients Iteceiving Lanatoside C 
(1.6 mg. I.r.y 

Control Normals 

A. 30 niin.^Aver. maximum ES-T 

B. 25 min.]' change = 27.5 min. 

Patients With Congestive Failure 


Patients Peceiving Digitalis Pxirpurea 
(1.2 Gm. orally) 

Control Normals 

C. 6% hours ) Average 6 hr. 

D. 6 hours min. 

Patients With Congestive Failure 


NO. 

TIME 

NO. 

TIME 

1 

13 hr. 

1 

12 lir. 


2 

13 hr. 20 min. 


2 

8 hr. 20 min. 


3 

12 hr. 30 min. 


3 

16 hr. 


4 

14 hr. 30 min. 


4 

16 hr. 10 min. 


0 

13 hr. 


5 

9 hr. 


0 

14 hr. 30 min. 


6 

15 hr. 


7 

14 hr. 45 min. 


7 

12 hr. 


8 

15 hr. 


8 

12 hr. 


9 

14 hr. 40 min. 

Average time for 

9 

8 hr. 30 min. 


10 

15 hr. 

maximum RS-T 

10 

16 hr. 

[Average 

11 

16 hr. 

change = 14 

11 

9 hr. 40 min. 

11 hr. 

12 

14 lir. 20 min. 

hours 24 minutes 

12 

12 hr. 15 min. 

27 min. 

13 

13 hr. 40 min. 


13 

8 hr. 


14 

14 hr. 


14 

12 hr. 


15 

14 hr. 40 min. 


15 

9 hr. 


16 

15 hr. 20 min. 


16 

12 hr. 


17 

15 hr. 30 min. 


17 

9 hr. 20 min. 


18 

15 hr. 10 min. 


18 

12 Iir, 40 rain. 


19 

15 hr. 30 min. 


19 

7 hr. 


20 

14 lir. 40 min. I 

20 

8 hr. 30 min. i 


maximum slowing EFFECT ON HEART RATE 


Patients Peceiving Lanatoside C 
(l.G mg. I.V.) 

Control Normals 

A. 20 minutes from 80 to 80 ) Average 

B. 15 minutes from 78 to 60 ]l7V> min. 
Maximum pulse reduction determined at one- 

hour intervals during 24 liours. 


NO. 

HOURS 


NO. 


TIME 

PROM 

TO 

1 

IV2 . 


1 

3 

hr. 40 min. - 


180$B 

SO ■ 

2 



2 

2 

hr. 30 min. 


108 

62 

3- 

8 


3 

4 

hr. 


140 

78 

4 

21/. 


4 

4 

hr. 


150 

74 

5 

2 


5 

5 

hr. 


100$ 

72 

6t 

31/0 


6 

2 

hr. 


130$E 

105 

7 

2 


7 

2 

hr. 10 min. 


116 

140 

8 

3% 

Average time for maxi- 

8 

3 

hr. . 


150$ 

80 

9 

21/0 

mum RS-T change 3 

9 

3 

hr. 


110 

80’ 

lot 

4 

hours 6% minutes. 

10 

4 

hr. 

i Average 

150$R 

84 

11 

3 

Without Case No. 3, 

11 

3 

hr. 30 min. 

3 iir. 

120$ 

70 

12 

3 

2 hours 45 minutes 

12 

2 

hr. 30 min. 

15 min. 

114$ 

no 

13 

m 


13 

3 

lir. 30 min. 


150 

ss 

14 

4 


14 

3 

hr. 15 min. 


80$ 

82 

15 

4 


15 

5 

hr. 30 min. 


108$ 

02 

16 

21/2 


16 

5 

hr. 


120 

70 

17 

4 


17 

4 

hr. 10 min. 


110 

90 

18 

1% 


18 


30 min. 


120 

110 

19 

21/. 


19 

2 hr. 30 min. 


90 

80 

20 

2 ^ 


20 

2 

lir. 

100 

88 







Average 

123.5 

80.4 


Patients Peceiving Digitalis Purpurea 
(1.2 Gm.) 

Effect Heart Pate 

A. 6 hours from 90 to 82 

B. 6 liours from 78 to TS 
Maximum pulse reduction determined at one- 


FROM 


TO 


156 

110 

90 

132§ 

90 

88 

110 § 

96 

86 

120 

110 $ 

120 $ 

88 

90 

110 

96 

108 

146$ 

112 $ 

110 


Average 108.7 


74 

90 

•80 

78 

80 

70 

102 

88 

80 

108 

74 

70 

84 

82 

90 

90 

92 

110 

80 

70 

85.8 


*First record obtained eight hours after administration. 
tDied pneumonia. 

JDied myocardial infarction. nuoLpfi 

§Patients with auricular fibrillation. E, normal sinus rhythm re-estamisncu. 
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of observation there was no evidence of digitalis toxicity in these con- 
trols. The two normal persons who received digitalis purpnrea leaf 
orally on a fasting stomach showed a maximal digitalis effect upon the 
RS-T segment in six hours and thirty minutes and six hours, respectively. 
Both suffered from extreme nausea Avhich persisted for twelve to fourteen 
hours after medication. A digitalis effect upon the electrocardiogram of 
these two patients was first noted approximately four hours after tlie 
administration of the drug. It was noted that the RS-T segment re- 
turned approximately to normal within sixteen hours in the two patients 
who received lanatoside C, whereas in those who received the whole 
leaf orally, a segment change was in evidence for as long as forty-eiglit 
hours. 




Fig. M.-J. L. A. 

Congestive Failure . — Of the twenty patients ^vith 
who received lanatoside C, two died during the stu ; , one o . ^ 

monk, the other of myocardial infarction. Because of » P 5 ^^ 
one case, it was impossible to repeat the tracings 

the administration of the drug. I" ,^0X0^01... 

quired for the maximal change m the »S-T se„i i„jicd, the 

and six and a half minutes. If .Xment 

average time required for the maximal change n the B& I s 

was two hours and forty-five minutes. /three 

fered from nausea. As was the ease in Pahr s senes, 
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hours the average heart rate was reduced from 121 heats per minute 
0 approximate y 85, It was felt that at least part of this reduction in 
late may have been a stmts effect. Inasmuch as frequent observations 
were made on the heart and pulse rate over this period, it is veiy 
unlikely that errors occurred. Of the siunnving eighteen patients all 
presented definite cfinical evidence of improvement within a period 
of SIX hours. Nine patients of this group had auricular fibrillation. 
Of these, three recovered normal sinus rhythm Avithin a period of 
tAventy-four hours. Only one patient had a first degree block (A-Y 
conduction time, 0.24 second) shortly after lanatoside C Avas given. 
Delay in A-V conduction appeared to be the exception rather thaii 


the rule in this series. One patient had slight nausea after the ad~ 
ministration of lanatoside C. This nausea continued for a period of 
forty-eight hours. 

In those Avith congestive failure Avho received digitalis purpurea 
orally, the aAmrage time required for a maximal change in the KS-T 
segment Avas approximately fourteen hours and tAventy-four minutes. 
A digitalis effect on the E-S-T segment Avas first noted eight and one- 
half hoiu’s after the drug Avas given. Eight of this group suffered from 
severe nausea and A’^omiting A\dneh AA'ere traceable specifically to the drug. 
There AA^as an average reduction in the heart rate of approximately 30 
beats per minute in the entire group AA'ithin tAA^enty-four hours after 
the administration of the AA'hole leaf. Not unlike the group .Avhich 
reeeiA'ed lanatoside C, a gradual clinical improvement was noted 
tAventy-four hours later. The auricular fibrillation Avhich aa^s present 
in six cases in this group continued throughout the entire period of 
observation. The excretion of urine was increased equally in both 
groups. Because all of the patients in these groups continued to take 
digitalis after the study AAns discontinued, no return of the segments 
to normal Avas obserA^ed. 

One patient AAdio received lanatoside C presented an unusual clinical 
course AAdiieh AA'e Avere able to folloAV electrocardiographically, both 
prior to and after the administration of the drug. Because of the 
unusual circumstances, a brief summary of this ease is given. 


CASE REPORT 

J. L. A., a white man 78 years of age, was admitted to the hospital on Jan. 
28, 1941, complaining of vomiting, hiccough, insomnia, epigastric pain, and gen- 
eralized weakness of seventy- two hours’ duration. His past history was neg' 
tive except for a surgical operation on his gall bladder four j ears prior ® 
mission. At this time many stones were removed. Physical examination 
a lean, elderly man, with no physical abnormalities other than ejpgas ric ® 
ness. A tentative diagnosis of acute pancreatitis was made. a ^ . 

nation revealed a mild secondary anemia (hemoglobin, 'rml'^iirine Avas 

evte coant, 3,800,000; and pol.vmorplionuclenr loneocyte.s 10,0»0)- ‘ , , p. 

negative, oi Pel,. 0, lOU, while dtinhing a glaas of m.lk, ™ 

seiaed with a severe pain in the npper part of Ins S™*! 

rose to 104° F., and extreme rigidity and tenderne.ss nere noted i P g 
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. 1 1 .r.ic ill ilip iiiiDpr iwirt i>) t)'C 

roentgenologic exnininution reven c< • „ -\]„ise Hvinploms the pnliont'H 

gating nriia ileus. ’I o.n.; it' appearnnco within 

pulse rate hecaiuo verj rapid and iin.guia . I j ^ 

1 ,„w =...1 » 0 .n ..V 

lower extremities. An electrocardiogram (hig. -I) d.selosu 

with a rapid ventricular rate. While the temperature was till m 1 , '"> > 

104“ F IG mg. of lanatoside C were given intravenously hecause of t u, rai 
Slc^hig conistive failure; this was at « r.M on IVhruary 17. 
later there was a noticeable reduction in the pulse rate and heart rat g. - . 

and at 9 r.K. the pulse rate was 70 and sinus rhythm Iiad returned (I ig. -(■)• 
At thi.s time the electrocardiogram showed full digitalization. Laparntoni) ^uis 
performed at 10 P.Jr., and a diagno.sis of peritonitis was made. Sinus r i> im 
continued throughout the entire operation. The patient had a stormy postopenitive 
eourse, but his congestive failure confimied to improve, and there was no reap- 
pearance of the auricular fibrillation. 


Tliis case is reported liecause llie dc.sired thera])entie ciTccl. of diirilalis 
was obtained during tlie conr.se of acute conge.slive failui’O conijdiciiting 
a septic .surgical condition. The jtre.sence of sojisis in no way inhibited 
the action of lanatoside C. (tranting that the auricular fibrillation was 
paroxy.smal and would po.ssihly have tcrniiniitcd .s])ontanoously, one is 
certainly led to heliovc that the drug proved its effectiveness. 


niscussiON 


The results obtained in this study from the intravenous administration 
of lanatoside C have shown that this drug exerts its maximal effect on 
the RS-T segment eleven to twelve Jioui's .sooner than a compara)))c dose 
of digitalis purpurea. If tliis criterion is aceejitablc, it .should be of 
value in the treatment of congestive failure, c.specially since tlio segment 
changes are accompanied by clinical improvement in a like ])eriod of 
time. Although the material presented here is not large, and the rcsuU.s 
need further confirmation, encouraging evidence was obtained relative 
to the rapid action and low toxicity of this glucoside. 


It is suggested that lanatoside C be given intravenously wlion the ele- 
ment of time is an important consideration in the treatment of conge.s- 
tive failure. This drug may also prove valualilc for patients who are 
suffering from nairsea and gastrointestinal disturbances wlien raiiid 
digitalization is indicated. It is interesting that in the entire grou]) of 
patients wlio received lanatoside C, the only side clTect wliich could lie 
attributed to its aclmini,stratiou was nausea, and this was noted in only 
one case. On the other liand, nau'sea and vomiting occurred frcqucnllV 
after the oral adinmistratioti of the digitalis leaf. Eight of the twenty 
patients with congestive failure suffered from tlicse symptoms. Boll, of 
the control sub.iects, with no evidence of cardiac disease, develoiied severe 
ausea Avliicli was definitely traced to digitalis leaf. Tin’s observnlion 
leads mie to believe that lanatoside C is comparatively free froni W 
objectionable properties of the Avhole leaf 
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lauatosMe C (Kg. 3). The lact that h,.t dntg tnay .™ 
establishment of normal sinus rhj'thm has been ^ ' 

many observers. Not a single patient rvith auricular- hbrillatmn ■ 

group in which digitalis purpurea was given by mouth regained noi mal 
rhythm throughout the entire period of observation. 

With respect to maintenance of the digitalis effect, this study offers 
some interesting data. In the controls who received lanatosidc C, the 
digitalis effect on the RS-T segment disappeared entirely within a pe- 
riod of sixteen hours, whereas this effect persisted for a period of 
forty-eight hours or more in the controls who received digitalis pur- 
purea by mouth. It is clear that in order to retain the digitalis effect 
for a prolonged period of time, lanatosidc C must be given intravenousl> 
at fairly frequent intervals, and it is therefore preferable to employ 
a digitalis preparation Avhieh contains all the glycosides for continued 
maintenance therapy. For those patients who do not require i-apid 
digitalization or are not suffering from gastrointestinal disturbances, 
the preparations of digitalis now in common use are satisfactory. 


SUMMARY xVND CONCLIJSION.S 


1. The avei-age time required for the development of maximal RS-T 
segment changes in the controls of this study after the administration of 
1.6 mg. of lanatosidc C intravenously was 27.5 minutes, as compared to 
six hours and fifteen minutes after giving 16 grains of digitalis purpurea 
by mouth. 

2. In the presence of congestive failure, the intravenous administra- 
tion of lanatoside C produced the maximal alteration of the RS-T seg- 
ment within two to three hours, which was eleven to tweh-e liours sooner 
than when digitalis purpurea was given orally, 

3. It seemed that the clinical manifestations of congestive failure dis- 
appeared with greater rapidity in the group of patients wlm received 
lanatoside C, 


4. In the four controls the RS-T segment returned to normal in ap- 
inmimately sixteen hours after the administration of a single dose of 

.6 mg. of lanatoside G, and in approximately forty-eight hours after the 
administration of 16 grains of digitalis purpurea orally in a single dose 

5. These observations suggest that lanatoside C should be employed 

(. Our observations indicate that lanatoside C will nrovo iah. ^ 

able drug m the treatment of eon-estive fnibiv. ^ ^ ^ ^ 

action is desired or when o-asirninmof i when quick 

wiien gastrointestinal sjunptoms are troublesome. 
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UEOLOOIC IlYI’ERTENSIOiN AS AN UNTI'J". 

PAOr. H. WOSIKA. M.13., P 11 .D, PimDKUic 'P .IIJNC, 1‘ri.O., M l’., 
Ghauxcfa' C. !Maiikk, aLIj. 

Chicago, ]lh. 

npHE sliiclies io be rc])ortecl in tliis paper were niulerl.iben bd.anst 
1 the occasionally sU-ikiiig eases ive have observed' m 'vhich 
sion was fonml in the presence, not of Bright ’s disease, but 0 • « ' 

, ~ • A. -.1 ;i ?£. / 

1 

ai,, 

review- of llie 
of blood pressure. 


or medical lovnis 01 Kuiney uisease.;, unmu .1 
(16.8 per cent) in wliieh tlie hyjiertension was eoneoinitant with 
us types of urologic disease (various extrarenal or “surgical’’ iorins 


reli'al disorders of tlio m'in.n'.v Iniol. Since it is oi.vionslj- 
irgue merely from occasional coincidences, wc prepared, in l.t.t.i, a 
review^ of the records of GOO private iiaticnts with persistent, elevation 
of blood prc.ssure. After taking out of this series the 2G cases {AM 
per cent) in Avliieli the hypertension could be accounted for liy parenchy- 
mal renal disease (glomerukmejihritis, Bright .s disease, and otlier intra- 
renal or “medical’’ forms of kidney disease), wc iound a residue oi 101 
cases 

various types 

of disease of the urinary tract). 

These results were remarkable, because, ullhongli 4.1U jier cent con- 
formed to the figures given generally for the incidence of intrarmial 
disease among hypertensive patients, the incidence of c.'ctrarennl urologie 
disease was about four times as liigh, Tlie.se urologie conditions in- 
cluded® prostatic obstruction with or without complicalioiis in the up- 
per urinary tract, 31 cases: chronic jiycloncplirilis witlt c'Oin})ljcaf ions. 
27; renal stone and comjilications, 18; }m)ia]>se of the uleru.s with iiydro- 
nephrosis and infection, 7 ; diverticula of the bladder witli eomplicaiion.s. 
5; uretlu-al .stricture (male), 4; cancer of tlic bladder willi ureteral ob- 
.struction and infection, 2; renal luinor.s, 2; coiigonifal cystic kidneys. 2; 
bladder stone, 1; congenital absence of kidney, 1; and vesicovaginal 
fistula, 1. j\Ioreovcr, even tliis liigli figure, 101 eases, was eonservativc, 
because many of tlie earlier eases lacked adequate urologie study. Pur- 
suing this line of investigation further, we found,' in a sorie.s of 1)7 jva- 
tients with prolapse of the uterus, frequently a.ssociated with bilatei-al 
hydronephrosis and infection, that 74 (76 per cent) bad hypertension. 

us percentage was distinctly higher tlian would be expected from otlun- 
studies' on Pie frequency of liypcrtension among ho.s]>ilaliKcd female 
patients in similar age grovqi.s. 

During the progre.ss of the investigation wc found, in lioth the older 
and more recent literature, data wJiicli tended to confirm our .susnicion 
_^xtrarcnal lesions could cau.se hypertension. Tl.is susjneion'is well 

Plu'sioloCT-'aml'^ptiarnufcoIOKV^^NW^^^^^ Ma-sonlc Hospli.-il • the Den- 

ParUnont of MedicinV.’ lJnlvor..Uy AleuVal SV,' oo l':’.'.’,'. 
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justified from the standpoint of experimental physiologic studies Avhich 
reveal the existence of nervous and humoral mechanisms that are quite 
adequate to explain such a relationship in terms of renal ischemia But 
to confirm the suspicion clinically Avould require more than the isolated 
instances (Eitch, et al.«) in ivhieh hjqiertension and nrologic disease 
have been found in the same patient. 

Even Avhen large numliers of such instances are available for study 
the evidence may remain inconclusive. Thus, 113 patients (45 per cent 
ofp a series of 250 eases of essential hj’pertension) n^ere found l)y 
Sehroeder and Steele' to have some form of organic renal disease. Hoav- 
evei, these authors state that many of these nrologic conditions occur 
Avithout hypertension, and Auee versa; “Eenal lesions associated Avith 
arterial h.vpertension liave not been consistently found on postmortem 
examination, and the reason for this is unclear.” Weiss and Parker® 
IiaAm reported that hypertension often occurs in pyelonephritis, and they 
estimate that 15 to 20 per cent of the eases of malignant hypertension 
originate Avith pyelonephritis. 

Hines and Lander® found that urologie disease, regardless of type, 
had less influence on the incidence of hypertension than did a high nor- 
mal blood pressure reading on the original visit, or a family history of 
hypertension. They conclude that “these data do seem to cast some 
doubt on the importance of renal disease in producing hypertension in 
the series as a Airhole and call attention to the importance of exercising 
caution in attributing a role of primary importance to a renal lesion 
simply because it is found in a patient aaEo has hypertension.” 

Hypertension Avas present in 26.1 per cent of 180 patients AAdth chronic 
bilateral pyelonephritis Avho Avere studied by Braasch and Jacobson;'® 
the incidence Avas 6 per cent higher than that in a control group. These 
authors also reported that 75 per cent of the patients Avith hjqiertension 
had sj^stolic pressures beloAV ISO mm. Hg, AAdiich constitutes a relatively 
benign elevation. 

Williams and Harrison” found and classified 30 renal lesions among 
100 subjects with increased blood pressure. Pearman, Thompson, and 
Allen'2 found 205 instances of renal disease among 500 eases of hyper- 
tension AAdiieh Avere studied urographically. Admittedly, this Avas a select 
group, for 397 of the 500 patients had abnormalities in the urine that 
directed attention to the urinary tract. Further analysis shoAied that 
surgical disease of the kidney was no more common than would he e.v- 
peeted for any other chronic medical condition. The conclusion Avas 
reached that the coexistence of renal disease and hypertension does im 
indicate a causal relationship. Horton'® reported that 40 pei cent o 
patients Avith hypernephroma had hypertension. Of 124 patients avi i 
other types of renal tumors, 57 had hypertension. In neithei 
there a consistent alteration in blood pressure after removal of tJie i - 
mor. This author concluded that the problem was not solved, ever 



WOSiKA Kl' AL. ; UUCIjOGIC 
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4fi5 


,ho>,gh Im stady toiled to e„hstanli»lc 'f 

the blood prossurc rell after the removal ol lumms. l_Un c c , . 

mitted tbat, sporadically, some relationship seemed to e.Ms . 

Braasch, Walters, and Hammer’' found tliat Hie nicidencc oi h> u - 
tension in a group of 1684 patients “sulijeded to vena ^ - 

tion was no higher than it was in a grouji of patients tahen at land • 
Hypertension was present in 46.5 per cent of 4.1 patients n lo wck. 
operated upon for primary, atrophic pyelonephritis. It was observed 
161 times (20.3 per cent) in 793 cases in which operation wa.s iier- 
formed for renal stone. These authors considered the role of infection to 
be most important. 

Palmer, Cliute, Crone, and Ca.stlcman’-' found that 22 per cent of -1- 
patienls with a persistent elevation of blood jiressurc had urinary tract 
defects, as shown urographically. These autliors eon.sidored lhe.se lesions 
to “represent a iiartieipating or precipitating, rather Dian a major, 
factor.” 


If there is any association between urologie lesions and hy]iertcnsion 
it should 1)0 ascertained. Obviously, a single instance ol bilateral or 
unilateral ureteral obstruction and recurrent infection, associated with 
hypertension, does not prove an cliologic rclo1ion.ship. In f;tct, when 
two conditions arc individually rather frerjiicnt, they must occur to- 
gether occasionally by pure chance. For this reason, the collection of 
a large number of coincidences of this sort in itself ])roves nothing. 
Therefore, since laboratory investigation wa.s seriously handicapjicd by 
the ehronieity of the processes concerned, wo had hoped that other work- 
ers who had largo scries of cases available would ])nb]i.sh their results. 
Since, however, upon retrospect, we found many cases in our scrio.s" 
that should have had additional studies for more complete diagnosis, it 
occurred to ns that otliers may have had the same difficulty. In other 
words, although it is easy to publish a list of conditions, either a.ssunicd 
to he causal, or suspected to he from llie fact that they oeca.sionally occur 
in cases of hypertension, it is quite another matter to stale the per- 
eentage of incidence of these various associated eoiidilions and di'aw 
condusiou.s from these percentages. Thus many classifications have ap- 
peared’® in the literature, culminating in tlic list of 47 associated con- 
ditions compiled by Page.” It was decided, therefore, tliat a statistical 
analysis of the problem, using anlop.sy material, w'ould be desirable. 




- i i i 




To avoid tlic u.se of biased data we oxumined tlie po.st-iuortom protoeol.s of tl.o 
epartment of Pathology of Nortl.wcstorn Uiiiver.siiy ^tedieul S(diool These nu- 
psies were performed in numerous general hosj.itnls, and .sl.ould represent a fair 
c OS3 section of the autopsied population of ji large citv. One Iiosnif-U r •< i 
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Table I 


Showing the number of males and females for 
patients. 


each 10-year age group of 19G2 


AGE IN' YEARS 

MALE 

SI 

EX 

( 



20-29 

30-39 

40-49 

50-59 

GO-69 
- 70-79 

80-89 

90-99 

77 

97 

230 

328 

343 

239 

39 

3 

G1 

87 

119 

128 

120 

67 

18 

0 

Totals 

13G2 

GOO 

Per cent 

69 

31 


Since we were interested in the effect of chronic disease, we exclutled subjects 
whose age was 19 or under. The ages ranged between 20 and 99 years, altliougli 
only 3 members of the group reached the tenth decade. We recorded the highest blootl 
pressure measurement which was available, and used, as a dividing line bet\vee 7 i 
liigli and normal, 140 mm. Hg for the sj^stolie, and 90 mm. Hg for the diastolic. 
It seemed to us that many instances of hj'pertension might not be included, for pa- 
tients who died of cardiac failure, or in shock as a result of myocardial infarction, 
surgical procedures, accidents, etc., or in cachexia (carcinoma, tuberculosis, etc.) 
might show low measurements during their terminal illnesses. Therefore, we included 
the weight of the heart, for an increase in the size of the left ventricle in the ab- 
sence of valvular disease constitutes one of the criteria by which elevation of the 
blood pressure may be diagnosed at autops)’. We considered the normal weights to 
be 300 grams for males and 250 grams for females.is A 33J per cent increaseJ!> 
in weight above these figures (400 grams for males and 333 grams for females) 
was regarded as evidence of hypertrophy. The presence or absence of valvular dis- 
ease, etc., was carefully searched for and recorded. The terra "urologic disease” 
was broad, including all the obstructions and infections or various combinations of 
these. In addition, gross congenital lesions (horseshoe kidney, renal aplasia, con- 
genital cystic kidney, double pelves with hydronephrosis) were incorporated. Small, 
occasional cysts were excluded, as were all the usual fornss of nephritis and nephrosis. 

The total number of records surveyed was 2,002. Not all were complete from our 
standpoint, and the unknowns were left out of the final computations. We attempted 
to include these unknowns by prorating and adding them proportionately to the 
known. We found, however, that if we included the unknowns and distnbuted 
them according to an arbitrary scheme we could prove any desired hypothesis, 
we distributed them according to probabilities w'e obtained a diluting or 
ating effect. Therefore, by omitting all unknowns and uncertainties we felt la 
factual statements concerning the data could be made. 

The otherwise difficult tabulation of these records was facilitated greatly bv the 
use of punch cards and sorting machines. To obtain information concerning J 
significance of our observations, we employed the four-fold table and t le c u ?qii' 
test, as recommended by Pearl.ao 


RESULTS 

The results of the studj- have been arranged in ‘!p 

illustrated in Table II. This is a summary of 1,179 patients. Tlies 
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TAiii.i; ]1 


'i.; >'-:r's..nrE US 

served frequencies. 


> 111 

'J’lio ollieis !irc !>)>■ 


A’UOI.OOie laSEASE 

SAA 

140 MM. no 01! OA'Kll 

STOMC Itl.OOI) riiE.SSI'l 

i:W MM. no or. i,r.sK 

a; 

TOT.M.S 

Present 

100 1 

227 

201 1 

, lf.7 

.'!01 

Absent 

'.178 1 

.111 

•107 1 

•Ml 

7sr. 

Totals 

30S 

~ "oTi 

1170 

Clii-.squarc = 21.11 

ProbulnlHy = 

(iSieaifienntl 


subdivided into two groups: 568 were classified as hyj)Ci’lcn.si\o. \\i i 
blood pressure readings 140 nun. TTg or over; 611 bad 139 nun. Jig or 
less. Each of these groups was further subdivided a.s to the prc.scnee oi 
absence of urologic disea.se. 

In the hjTperlcnsivo group, 227 patient.s, or 40.0 ])cr cent, .shoA\ed 
definite abnormalities of the urinary tract, and 341, or 60.0 per tanil, af 
subsequent autopsy, showed no uriiiary tract disease. Of the 611. pa- 
tients with systolic pressures below 139 nun. Hg, 167, or 27.4 per cent, 
had urologic lesions, and 444, or 72.6 per cent, .sho\vcd no .sncli Ic.sions. 
If this group was ty]ncal, the clianecs are two in five iliat a patient’ will) 


lugli blood pressure has urologic disease. 

Significant conclusions may be drawn from this ta])le, i))a.sinneh a.s it 
shows the observed frequency of the two factors xmder consideration, 
i.e., urologic disease and hy])crtcnsion. In other words, given 1,179 
patients, of whom 394 liavc urologic lesioJis and 56S have hy]ierlonsion, 
a simple probability calculation sliows that, as a result of mere chance, 
190 patients will have both. Thus (394 x 56S)/1179 == 190.0 = theoretical 
frequency. The data show, liowevcr, that 227 ])atients were observed to 
have both conditions. Therefore, 227 - 190 == 37 = the differenco be- 
tween the observed and theoretical frequencies. This moans that there 
Avere 37 more people Avho had both hypertension and urologic disease than 
would be expected as a result of jnirc accident. This diserci)ancy be- 
tween actual and theoretical frequency implies an association between 
hj’^pertension and urologic disease. We confu-med this by the a]q)rovod 
statistical procedure of the chi-square test which equals 21.11, wliich is 
large, and means that only 7 times in a million woidd so great a difl'ei'- 
ence arise by accident. In other words, one mav safelv infer that a 
patient with hjqiertension is more likely to have urologic disease than 
IS a patient Avithout hj'pertension. 

Any attempt to make the association stronger hy using Ingh diastolic 
pressures alone or m combination Avilh elevated svstolie pressures 
failed. Also, adding enlargement of the lieart, to the criteria for hvpor' 
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tension did not result in a greater correlation. The systolic blood pm- 
sure alone lyould seem to be an adequate criterion for hypertension in 
this connection. Our tabulations on this point Avill form the liasis of n 
subsequent report. ' 

It is generally accepted that some elevation of blood pressure is con- 
comitant with increasing age. It is also generally agreed that the in- 
cidence of urologic disease is higher in older people. Our analyses of 
these two points in these autopsies bear out the truth of these funda- 
mental concepts. The question is to ascertain whether the introduction 
of the age factor would significantly alter the basic relationship of 
urologic disease and high blood pressure. 

We constructed Table III, a sixtj^-four-fold master-table, to enable 
a number of smaller table break-doiwis to be developed. This introduces 
age and sex factors, and permits the segregation of young males with 
and without urologic disease and/or hypertension from any other 
age group. 

Table III 

Shows a break-down of the data on 1210 patients into a sixty-four-fold table, 
comparing sex, blood pressure, and urologic disease by age. 


SEX — SYSTOLIC BLOOD PRESSURE — UROLOGIC DISEASE 


AGE IN YEARS 

MALE 

FEMALE 

TOTALS 

140 OR MORE 
PRE ABS 

139 OR LESS 
PRE ABS 

140 OB MORE 

PRE ABS 

139 OR LESS 

PRE ABS 


6 

10 

6 

25 

1 

9 

5 

20 

82 


3 

15 

2 

30 

3 

18 

10 

25 



19 

46 

18 

60 

8 

22 

10 

34 

217 


41 

63 

27 

87 

21 

26 

12 

20 



47 

65 

29 

68 

12 

25 

8 

27 

281 


50 

34 

36 

31 

12 

11 

3 

12 



9 

2 

3 

6 

3 

3 

2 

3 

81 


0 

0 

1 

0 

0 

0 

0 

0 

1 

Totals 

175 

235 

122 

307 

60 

114 

50 

147 

1210 


Table IV 

Shows the presence or absence of urologic disease and hypertension among 458 
males between the ages of 20 to 59 years. - 

MALES AGED 20 TO 59 YEARS 


SYSTOLIC BLOOD ' 

PRESSURE 

1 UROLOGIC DISEASE 

totals 

PRESENT 

ABSENT 

140 mm. Hg or more 

54 [ 

149 1 

203 

69 

134: 

139 mm. Hg or less 

68 1 

187 1 

255 

458 H 

53 

1 199. 

202 

336 

Totals 

Chi-square 

= 10.188 

1 Probability — 0.0014 

(Significant) — 


Table IV shows that, of 458 males between the ages »£ 

69 had both urologic disease and hypertension. Theo h 

Should have been found. Further, there were more peisons 


J 
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blood p«som-cs a«d no urolosk di«»o Ito 
occur as the result of chance. 


ToVbia: V 


Shows the presence or absence of urolopic disease 
males between the ages of CO and 09 years. 


and hypertension among 351 


mata:s AGF.n CO to 00 A'K.vn.s 


SYSTOLIC BLOOD 1 

pkessurb 

LTvOT.OGIC DISEASi; 

T0TA1.8 

PRESEKT 

! arse.vt 

140 mm. Hg or more 

i 

95 1 

122 1 

207 

IOC 

101 

139 mm. Hg. or less j 

1 

80 1 

94 1 

174 

G9 

205 

Totals 1 

175 

20G 

,!S1 

Chi-squarc = 5.154 j 

Probability = 0.02::2 
{Signifie.'iiit') 


Among 381 male.s from 60 to 99 year.s (O’iible V), 106 wore ob.servotl 
to have urologie lesions and liypcrtcnsion, which arc eleven in oxce.'J.s of 
the calculated nuinlter. Chi-square equals ».ir>, and the pi'ohtibility is 
0.0232, which is significant. 


Taw.k YI 

Shows the presence or absence of urologie disease and hyporlen.sion nniong 2.30 
females between the ages of 20 and 59 years. 


FEMALES AGED 20 TO 59 YEAKS 


SYSTOLIC BLOOD 

pressure 

1 ur.OLOGin disease ] 

TOTAI.S 

PRESEKT 

AnSKS'T 

140 mm. Hg or more 

30 1 

no 

’ oo 

rs 1 

75 

lOS 

139 mm. Hg or less 

40 ( 

.37 

102 ! 

105 : 

M2 

Totals 

70 

ISO 

250 

Chi-squarc = 0.728 

Probability = 0.3951! 
(Insipiificant) 


There were 250 female patients between 20 and 59 years of age in tlie 
group (see Table VI). Here tltcre was an excess of three itcrsoiLs who 
were observed to have urologie lesions and h.Aqmrtonsion. Chi-stiiiarc 
equals 0.728, and the probability is 0.3953, whicli is considered insignifi- 
cant statisticaHy. Of 121 females between 60 and 99 years of age°(soe 
Table VII), 27 were observed to have urologie disease, wlicreas 22 wa.s 
tie theoretically po-ssible number. Chi-squarc equals 3.769, and from 

niCcrat oS“"‘’ 


Table VIII includes 97 males between 20 and 39 years of awe- Nine 
«re observed to have hypertension and nrologic disease, tvh^ias the 
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Table Yn 


Shows the presence or absence of urologic disease and 
teniales between the ages of GO and 99 years. 


hypertension among ] 2 l 


females aged go to 99 years 


SYSTOLIC BLOOD 
PRESSURE ! 

UROLOGIC DISEASE i 

TOTALS 

PRESENT 

1 ABSENT 

140 mm. Hg or more ' 

22 j 

27 . 

j iTj" , 

39 

66 

139 mm. Hg or less 

18 1 

13 

37 j 

42 

o5 

Totals 

40 

81 • 

121 

Chi-square = 3.769 

1 

, Probability = 0.0524 
(Insignificant) 


Table ^T:II 

Shows the presence or absence of uroiogic disease and hjpertension among !)7 
males between the ages of 20 to 39. ' “ 


males aged 20 TO 39 years 


SYSTOLIC BLOOD 
PRESSURE 

j UROLOGIC DI.SEASE '■ 

TOTALS 

PRESENT 

ABSENT 

140 min. Hg or more 

6 1 

28 1 

34 

9 

25 

139 mm. Hg or less 

11 1 

52 1 

C3 

. — 

8 

55 

Totals 

17 

80 

1 97 

Chi-square = 2.812 

Probabilitj' = 0.0939 
(Insignificant) 


expected number would lie only six. Chi-square equals 2,812, aud the 
proliability equals 0.0939, Avhicli is significant. 

In spite of the fact that the most significant associations occurred iu 
male patients, it is noteworthy that in every group, rvhether male or 
female, young or old, the number of patients who had the combiuation 
exceeded the theoretical expectation. We feel that this is significant 
from a practical standpoint. 


DISCUSSION 

The purpose of this report is to answer the question whethei^ or not 
urologic hypertension exists as an entity. “Organic and ieu<i 
hypertension have been suggested as alternative names for this cone i ion. 
The word “organic” would include any demonstrable pathologic 
which might cause hypertension (i.e., adrenal tumors, etc.) un ess s ^ 
limitations were recognized and applied. Tlie teim ^ leua 
include the usual forms of nephritis. The term ‘ urologic 
to be preferable because tbe lesions are definitely assoeia e 
urinary tract; not entirely medical, nor yet entiiely singica , 
suit from infection, obstruction, or a combination of both. 

To answer this question we studied 2,002 autopsy recor s on ] ^ 
who were 20 or more y 


rears old. In the preceding statements the lei 
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e,.nc« is, however, sonosally to loss tl.nn 3,002 

table, botoi'o smnmariaing, "'c clmimatcd tbosc o.iscs m ■ 

^vas not specifically stated to be either prcsmit, or absent, and also o. 
cases in Avbich the blood pressure was not given in figures. ^ 

The results show that 40.0 per cent ot! patients with hypcHtois.on i.a< 
urologic disease. Tliis figure is higlicr than the estimated ,10.0 poi cent 
in our earlier studies. Tliis means that 60.0 per cent of the hyper- 
tensive group had no evidence of urologic disease at auloji.sy. Hus 
large number has been noted by others, and has led some anthois to 
assume that there is an unknown sensitizing mcelianism for hyiiortonsion, 
which is set oft' only in certain susceptible people by Ibe urologic disease. 
On the other hand, only 27.4 per cent of persons with no increase in 
blood pressure had urologic disease. This is difficult to explain, and is 
the I'eason for numerous slatcmcnts that (he rela(ionshi]i under con- 


sideration is incidental rather than causal. 

However, since 37 more eases Averc oh.sei'vcd than there .should have 
been theoretically, and since this number Avas sboAvn to be .significant, 
it may be stated that there is a positiA’c correlation belAvccn urologic 
disease and hypertension that i.s convincing statistically. TJic large size 
of the sample makes it extremely unlikely tliat tlio differences couid JiaA’o 
been due to chance. In other Avords, it may be inferred that a ])aticnt 
Avith hypertension is more likely to haA’c urologic di.scasc tliaii is a pa- 
tient AAdthout hypertension. Actually, limitations nui.st ho imposed, be- 
cause all Avc have shoAvn i.s tlial, out of 563 patients avIio died, wore 
autopsied, and had blood pre.ssure.s of 140 mm. Hg or over during life, 40 
per cent shoAved anatomic evidence of ui-ologic disease jmst mortem. 


Any attempt to malvc the association stronger by using liigh diastolic 
pressures alone, or in combination A\-ilh elevated systolic pressures, failed. 
Also, adding enlargement of iJie iieart to ibe liypertcnsivc grou]A did not 
result in a greater eorrelalion. Using two criteria complicated the situa- 
tion and did not increase the predictable numlier of patients avUo Avould 
be found to huA^c urologic disease. Tlie sy.stolic blood pressure seems 
to be an adecpiate criterion for hypertension. Including Iho diastolic 
pressure and/or cardiac hypertropliy i.s not only impractical clinically, 
but It obscures the logic, coinplicalc.s (tie mathematics, and atteiiuales 
the statistical correlation. 

The master table (Table III) is included for complelene.ss ]\Ianv 
comparisons are possible from this complicated sixty-four-fold table 
For any age gronp d e.tlicr males oi- female., ,vc may make com]).wisons 
between Uie anraltancons occmTcncc ot urologic lesions and livncrteii- 
aon. Tins was done in Tables IV, V, VI, VII, and VUI onlv with male 
pa lents who showed statistically significant associations. Still , 1 ”.' 
weie always more persons who had holli nrolo-ie disease ..,.,11 V 
Sion than wonld be expected theoretically. 
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Therefore, it may be stated that urologic disease, as we have defined it 
is more common in patients with hypertension than is to be expected as a 
result of mere chance. The combination is rather more frequent than 
the isolated case reports would suggest, and this would indicate that 
urologic hypertension exists as an entity. 

In this cross section of the autopsied population of a large city there 
is the additional factor that many of these persons had not run the com- 
plete life cycle of the disease. If our interpretation is correct, namely, 
that the development of urologic hypertension is a slow process which 
depends upon many factors related to abnormal kidney physiology, 
undoubtedly many of the patients died from other causes before the hy- 
pertension could be demonstrated. 

All types of urologic disease should be thoroughly investigated and 
treated in their ineipieney, if for no other reason than to avoid the pos- 
sible development of hypertension. In addition, all patients vdth hyper- 
tension should be investigated for urologic disease, even if, by the time 
hypertension is present, the urologic lesions as well as the hypertension 
may’’ be irremediable. 

sraniARv 


1. A survey’’ of 2,002 autopsy records was made to ascertain the rela- 
tionship between urologic lesions and hypertension. 

2. Statistical methods show that a patient with hypertension is more 
likely' to have urologic disease than is a patient without hypertension. 


'We Tvisli to express our appreciation to Dr. J. P. Simonds, who permitted us to 
study the records of the Department of Patliolog)’, and to ^Ir. Kenneth W. Eevell, 
of the Begional Tabulating Unit, Division of the U. S. Public Health Service, for 
Tabulating the results. 
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EVALUATION OF HEART SIZE MEASUREMENTS 

Harry E. Ungerleider, M.D., and Richard CIubner, ]\[.D. 

New York, N. Y. 

p\IAGNOSTIC study of the heart seeks to ascertain whether heart dis- 
ease is present, and, if so, to establish its etiology and severity. It is 
an aphorism that an enlarged heart is an abnormal heart, and, beyond 
indicating the presence of disease, the recognition of enlargement pro- 
vides valuable information as to the type and the extent of the lesion, for 
characteristic changes frequently occur in various types of heart dis- 
ease. Accurate estimation of the size of the heart, therefore, is most im- 
portant. Methods for studying the size of the heart include phj'sieal e.\'- 
amination, techniques employing the roentgen raj”-, and the electrocardio- 
graph. The x-ray and the electrocardiograph are precision metliods, but 
it does not follow, as is frequently assumed, that the information they 
eonvej’’ is, therefore, necessarily exact. For the proper interpretation 
of roentgenograms and electrocardiograms, a knowledge of valid criteria 
for evaluating the size of the heart is essential, as well as an appreciation 
of certain phj^siologic and technical considerations. 


PHYSICAL examination 

Recourse to the more specialized techniques is not always feasible, 
and careful phj^sical examination usually enables one to make an ap- 
proximate estimate of the size of the heart. It should be recognized, how- 
ever, that there are serious limitations to inspection, palpation, and 
percussion, particularly when the chest wall is very muscular or obese, 
or in the presence of pendulous breasts or emphysema. AVhen the apical 
impulse is palpable, the size of the left ventricle may be estimated fiom 
the relation of the leftmost point at which a definite fonvard 
felt^ to a perpendicular dropped from the midpoint of the clavicle, ic 
left nipple line is less dependable as a reference point because i s 
position is variable; it may be situated well outside the midclaMCU ai 
line in sthenic and obese male subjects, as well as in fema es. 
left ventricle enlarges downward as well as to the left, particu ar J 
aortic insufficiency is present, and may extend to the sixth ‘ 

space and yet remain well within the midclavicular line. n aio 
of the cardiac chambers other than the left ventricle cannot le ® 
on physical examination except in advanced stages. T le Ho i 
forms the anterior surface and lower anterior border of the i 
when enlarged, extends directly forward. Increased dullnes P ^ 

From the Diagnostic Laboratory. The Equitable Life Assurance Societ> 
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Sion in the third left intercostal space and 

is sn^aestive of enlargement of the conns of the ii»ht 

portion enlarges soiiicivliot earlier Ilian llio lio*' j 

Enlargement of the right venlride may he ev.deneeel ht ^ 

epigastrio pulsation, i,e„ rctvaelion o£ the upper 

systole. This must he interpreted with rant, on, however, ^ ' 

gastric pulsation inaj- be prominent normally in suh.iccts of 


or when the heart is over active. ^ i i 11 

The right border of the heart is formed by the right auricle, and dull- 
ness to percus-sion which extends definitely beyond the right sterna 
border suggests enlargement of this chamber. Tlie area of cardiac dull- 
ness may extend to the right of the sternum, however, as a result of dis- 
placement of the right auricle by enlargement of the other cardiac 
chambers, or because of pericardial effusion, so that this sign is not 
specific of right auricular enlargement. Ncvertlielo.ss, enlargement of 
the right auricle may be considered to be present when, in addition to in- 
creased dullness beyond the right sternal border, there arc pcripberal 
signs of congestion, such as hepatomegaly and increased venous pres- 
sure. In the presence of pericardial effusion the right cardiac contour 
may be distinguished liy means of an overponetrated roentgenogram 
made a few seconds after an intravenous iujcction of diodrast, which 
outlines the right auricle within the pericardial effusion, hlveii the left 
atrium may form the right border of the licart when it is markedly en- 
larged, and, in cases of giant left auricle, comes to occupy the greater 
part of the right lower thoracic cavity. This is apparent not only on 
percussion, but frcquentlj^ as a visible and palpable sy.stolic heave of the 
right antei’ior chest wall caused by systolic distention of the massive 
atrium as a result of tlie free miti'al regurgitation which is usually 
present. Lesser degrees of enlargement of the left atrium cannot he de- 
tected by physical examination, for this chamber extends posteriorly in 
the earlier stages of enlargement. Straiglilening of the upper part of the 
left border of the heart, although a relatively early sign of left auricular 
enlargement, as well as an indication of riglit ventricular enlargement, 
cannot be reliablj^ discerned by jihysicai examination. 


nui'.iNXUKrsunUUIC jietiiods 


Less stress is placed on tlie e.stimation of the size of the heart by jdiys- 
ical examination Lian formerly, for roentgenologic methods direcllv 
visualize the cardiac silhouette and permit detailed study of (he size 
shape, and position of the heart. Fluoroscopy, technically the .simplest 
0 the roentgenologic proceduz'es, as well as tiie most generally available 
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various types of heart disease. For this purpose fluoroscopy is of onv 
ticular advantage because the contours of the separate chambers mav b,^ 
inspected in their entirety by rotating the subject into oblique positions 
and their limits ascertained by observation of tlie pulsations. Adequate 
visualization of all the chambers is afforded by making roeut<^eno 
grams in the posteroanterior, left anterior oblique (50° to 55°)'’ and 
right anterior oblique (50° or over), or right lateral, position (Fig.'l). 
Examination in the latter view is aided by outlining (not filling !) tlie 
esophagus with a thick barium mixture, for the esophagus is in close 
relation to the posterior surface of the heart, particularly the left atrium. 



Fig. 1. — Positions for roentgenologic examination of the 

B, left anterior oblique; O, right lateral. 


The relation of the chambers of the heart to adjacent me lastma ® 
tures, such as the esophagus, bronchi, and chest parietes, v ne i 
ascertained by study in the oblique positions, is of gieat a a ue 
lishing whether or not enlargement is present. i 

ment of the left atrium is indieated by indentation an le lo ^ 
ment of the esophagus, and also by upAvard extension o 
contour toward the left main bronchus, Avhich eventually b 
vated and even compressed. The right ventricle forms the ante 




498 


AMERICAN HEART JOURNAL 


face of the heart, and, when it is enlarged, extends forward toward the 
anterior chest wall, narrowing the precardiac space ; this is revealed bv 
study in oblique views. 

Several measurements which purport to serve as criteria for enlarge- 
ment of the individual heart chambers have been proposed.®-’ Attempts 
to measure the size of the cardiac chambers separately are necessarily 
inexact, however, because only one border is visualized ; the shadows of 
the various chambers merge to form the cardiac silhouette. Althougli 
the limits of the cardiac chambers may be recognized by the pulsations 
on fluoroscopic examination, they cannot be clearly distinguished in 
roentgenograms, and the applicability of such measurements is, there- 
fore, greatly limited. 

Measurements are of greater value as an index of generalized enlarge- 
ment of the heart than in estimating the size of the individual chambers, 
and there is a definite field of usefulness for measurement standards in 
evaluating enlargement of the heart as a whole. Frequently, enlargement 
of the heart does not involve individual chambers distinetlj^, and one can 
state only that the heart is enlarged. Mensuration is unnecessary when 
gross enlargement exists, but lesser degrees of enlargement often escape 
detection on inspection. Conversely, an apparently large cardiac shadow 
may assume less significance when it is considered in relation to body 
build. If proper account is taken of the physiologic variables which 


influence the size of the heart, mensuration is a valuable aid in ascertain- 
ing ■whether the heart is enlarged. Measurements are valueless, of course, 
when the position and configuration of the heart are distorted by an un- 
usually high position of the diaphragm or skeletal abnormalities of the 
thorax, such as scoliosis or funnel chest. 

Most measurements refer to the frontal cardiac silhouette. It is im- 
portant that the subject be centered properly, which can be recognized 
in the roentgenogram by equidistance of the inner borders of the 
clavicles from the midpoint of the vertebral column. The exposure 
should be made in the erect or sitting position, and 'vith lespiration 
suspended at ordinary inspiration, for extremes of respiration oi strain 
ing may cause marked variations in the size of the heart. To minimize 
projection distortion, roentgenograms should- be made at a 2-metei um 
fi l m distance (teleroentgenography). Fluoroscopy is not we 
for absolute measurement of the size of the heart, except 
orthodiagraphic technique is employed, for there is eonsi era e 
nification of the heart image caused by divergence of the 
result of the short tube film distance which is usually ^ 

scopic examination. Even at teleroentgenographic istance 

there is a magnification, caused by projection^ ° n tbf tulm film 
imately 5 per cent; this does not increase appreciably unt t 

distance becomes less than 150 cm. When the 

ened stiU further, as in fluoroscopy, the magnification J 

approximately, in subjects of normal build, as 1 per cent enl g 



x;x(iK ithKioKii ANn (U'nSKit : 


JIKAUT sizi; M!:Asci{t:.Mi:,N'Ts 


■19!) 


cju-h 10 ciu. loss tlinn 200 cm. Tlu> ol' niiii-'nilicalion iji tiu> vonit- 

gcnoprain depoiuls not only on the mho «lm distninr. Init nls*. on tin' oi>. 
jcct film distanco; and magnification is accortlingly greater in .snb.jeels 
with deep ciiests. in wiiom tin; heart contours arc further removed fmm 
tlie film, than in slender subjects and children. 


TYi'ics OK Mi;Asriu;.Mi;NT.s 

Ininuncrablc measurements have been j>ro)msed f<'r the estiuiation <if 
the size of the heart, and this has re.sulti-d in general confusion and 
sko])tieism about alt measurements. Urondly, measurements ol the heart 
are of three types: linear diameter.s. area of the frontal eardi.'ie silhou- 
ette, and calculations of the heart volume. Three diameteis. the traim- 
verse, longitudinal, and broad «liametei-s, are best known, and thc'jc 
suffice for estimation of the size of the heart (h'ig. 2). for not oirly have 
stmidards been e.stablished for them, but, in addition, the an'a of the 
cardiac silhouette and the heart volume may be ealeiil.'iled from fhes,- 
diameters with fair accuracy. 
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by respiration, and also in pathologic conditions, such as empliyscnia 
Ordinarily the transverse diameter of the heart is considerably less than 
half the transverse diameter of the chest, so that appreciable eulai-e- 
nient may escape detection if this ratio is employed as an index of tlic 
size of the heart. jMore accurate standards, based on weight and height 
have been established both for the orthodiagram® and teleroentgenogimn.= 
The influence of sex, and of age in adults, on the size of tlie heart is 
relatively small compared with the factors of weight and height, and, 
for practical purposes, may be disregarded in prediction standards. 
Teleroentgenographic standards are slightly greater than those for the 
orthodiagram, so that it is not proper to use the orthodiagram values in 
reading teleroentgenograms. Because of the increasing employment of 
the teleroentgenogram, a new prediction table, based on' a study of 1,460 
teleroentgenograms of normal subjects,- lias been prepared, and this 
should be emplojmd, rather than the older orthodiagram standards, when 
reading teleroentgenograms. A nomogram indicating the predicted 
transverse diameter from weight and height (Pig. 3) has been con- 
structed. 


The actual transverse diameter should not be interpreted too strictly 
in relation to the predicted value, for appreciable physiologic variations 
in the size of the cardiac shadow occur with respiration and changes 
from systole to diastole. Diameters which are more than 10 per cent 
above the predicted value should be regarded as abnormal, and the 
heart may be considered as almost certainly enlarged if the transverse 
diameter is over 15 per cent in excess of the predicted diameter. In 
measuring the transverse diameter, it is important to avoid including 
the extrap ericardial fat pad which is frequently present, and which may 
merge with the lower portion of the left border of the heart. An in- 
crease in the transverse diameter is most often caused by enlargement of 
the left ventricle, Imt enlargement of any of the cardiac chambers, even 
of the left auricle, when it foi’ms the right border of the heart, can widen 


the transverse diameter. 

Two other diameters, the long and broad diameters, arc well Imoun, 
although these are somewhat less valuable individually than the tians 
verse diameter. The long diameter extends from the junction m 
cardiac and vascular silliouette on the upper part of the 
the heart obliquely downward to the apex on the left. ns ' 

which is approximately 10 per cent greater than the tlans^else mm > 
is increased chiefly as a result of left ventrieulai enlaiocmen . ^ 
broad diameter is the greatest diameter Pei'pendieular to llm mio - 
ameter. As a rule, it extends from the iipimr hunt of 
lar contour to the lowermost point of the right boi ei o m ’ 
when the heart is of unusual configuration, the sum of the J 
perpendicular extensions to the right and left from 
is employed. If the heart is placed transvei^ely, dianhragm 

extend the lower part of the right border slightly e on 
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Nomo g rams for Area and Transverse Diaincter of frontal heart >sil}iot]dlc 
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~ (A'Zf Lxei: rofi' ORT HOVlA.iifUAM AND TrLror.OCNrt't.'NO.'RAM . 
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in its natural curve in order to delineate the broad diameter. Tlic broad 
diameter averages about 15 per cent less than tlie transverse diameter.' 

Ihe long and the broad diameters are of interest, not so mueh liv 
themselves, but for their product, which is an expression of the two 
dimensional size of the cardiac .shadow.® The product of tliese two di- 
ameters, which has been termed the lieart rectangle, lias been recom- 
mended as an index of the size of tlie heart in relation to the produet of 
the height and width of the thorax.^® This ratio is expressed as 


rectangle of heart (L x B) 
rectangle of lung (H x W) 


Normally the ratio averages 23 per cent; it varies from 20 per cent in 
subjects of asthenic habitus to 26 per cent in those of stocky build. Tlie 
heart is considered enlarged if the ratio exceeds 28 per cent. Although 
standards based on thoracic configuration are less accurate than those 
predicted from weight and height, this ratio is less open to criticism 
than the eardiothoraeie ratio, in Avhich only the width of the chest is 
considered. When the weight and height are not available, as is fre- 
quently the case in hospital studies, the ratio, rectangle 

lung rectangle 

able method for evaluating the size of the heart. An even simpler cri- 
terion, which is very satisfactory, is the relation of the lower part of 
the left border' of the heart to a line dropped from the midpoint of the 
clavicle. Extension of the left border outside the left midclavicular line 
is usually indicative of left ventricular enlargement, and does not re- 
veal changes in the other cardiac chambers, but it is the left ventricle 
which is most frequently enlarged in heart disease. This criterion has 
long been employed in physical examination, but serves equally well 
in roentgenologic study.-' 


CARDIAC AREA AND VOLUME 

The area of the frontal cardiac silhouette in relation to standards 
based on weight and height has been widely recommended as an excel- 
lent criterion of the size of the heart.’’ In order to ascertain the 
area of the frontal silhouette, the upper and lower limits of the heart 
.shadow must be completed by arbitrary and imaginary lines, an t us 
requires considerable experience to attain duplicable results. 
is measured by means of a planimeter, or by counting squaies 
the area on cx’oss-section paper. In orthodiagraphie 1^. 

servation of the pulsations helps in outlining the contours. ^ n 
roentgenogram, however, the error in completing the nppei ‘'ll 
borders is mueh greater, and, for this reason, sati.sfaetoi:^ ^nL-im al- 
measurements have not been obtained from the te eiocn 
though this method yields excellent results in a.s 

hands of those who are well trained in the from 

the cardiac shadow is ellipsoid in shape, its area may 
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long and broad diainclors (area of ellipse 

Calculalion of the cardiac area by nieans of 


the product of its axial 


long X broad diameters.)” 

broad diameters, yields valuc.s whicb corre.s])ond 

-in, 14 fp]j5s 


the fonnula,-^ long x 4 , 1 *. 

very closely to the actual area, as measured by planimeliy. ^ 
product may, therefore, be used to estimate the cardiac area in 1 . 
of planimetry. This is of particular advantage in the IcleroDiilgonogiam 
because the long and broad diameters can be measured accuratdv, 
whereas the planimetric estimation of the cardiac area ns Ics.s accnratc. 
The product, 2/3 long x transverse diameters, ap]iroximatcs the cardiac 
area, but is less satisfactory than the product of long and broad di- 
ameters, for the mean deviation from actual areas, as jisecrtainet 
planimetrically in 134 orlliodiagrams, was found to be 7 per cent, 
whereas with the long and broad diameter product the mean deviation in 
this group of 134 cases was less than 3 per cent. Tlie predicted value for 
the cardiac area may be estimated approximately a.s follows: in a sub- 
ject 5 feet 7 inches tall, weighing 150 pounds, the area should be 107 sq. 
cm. in the orthodiagram and IIS in the teleroentgenogram. One .scpiarc 
centimeter is added for each 5 pounds over 150, and deducted ior oacli 
5 pounds under 150. Two scpiare centimeters arc added for each inch 
over 5 feet 7 inches, and deducted for each inch under 5 feet, 7 inches. 
Tlie actual cardiac area should not e.\eecd 10 per cent over llie predicted 
value, and, if it does, the heart may be eonsidcrod a.s enlarged, A 
nomogram for prediction of the cardiac area from wciglit and height, and 
actual area as calculated from the long and broad diameters, ai'C illus- 
trated in Fig. 3. 

The cardiac area is of great interest in another regard, in that it bears 
a close relation to the heart volume; the latter may bo calculated from 
the cardiac area. In an extensive study on 62 cadavers, the area of the 
frontal cardiac silhouette was found to bear a close relation to the heart 
volume, and the formula, V = O.SSA’-'', wa.s proposed (where V == 
heart volume, A = area) More j-eecjitly a inoditieat ion of thi.s formula, 

V = 0.63A"-^", has been recommended;’" this yields values (5 per coni 
less than the older formula in the ordinary range of frontal area, vary- 
ing from 90 to 130 sq. cm. Another formula for estimating heart volume 
fr^he frontal area is V = 0.36 long x broad x transverse diameters.^ 

V _ 0.63 A X T, where V = heart volume 

A = area of frontal silhouette 

fnthflateraf“ros 1 uo^^^ ''onrt 

frontertransveree° diimeteV^:^ in 150^ cases^ 

Pfb'^ent (calculated from S of Ro?^e?V•^"T.f probab o 

cardiac area. (A — ZL, and the e.vpro.s.slon for 


TtzryV'" ^ ^o-Vud’a^e;,;;; v'r 


Q.3G long 


caIcuIatld’bylhis^formula'‘was‘eSo”cc”°”'V‘'' subjects, tlie moan 
s c-c.” The ai^^ra^'e" deviationf 
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Several other methods which tahe into account measurements in lateral 
or oblique positions, m addition to the frontal views, have hecn snv 
gested.*--"^ When the heart volume is estimated from telcroentccnm 
grams, it is necessary first to correct the diameters for magRificadon 
(Fig. 3) before multiplying them to obtain the volume. 

Although estimation of the heart volume is of great theoretical iaterest 

the practical applicability is limited, particular^ when studj^ in more 

than one position is required. Apart from considerable variations in 

normal subjects, the volume varies from 25 to 30 per cent between systole 

and diastole, and the phase of the cycle must, therefore, be Imown. The 

volume during systole and diastole can be estimated by means of roeiit- 

genlcjunograms, but these are not generally available. The difference 

between the diastolic and systolic volumes, as measured kymo- 

graphically, has been used to estimate cardiac output.^"- The ratio, 

diastolic heart volume , . , „ 

j which ordinarily varies from 7 to 10, is a direct 

expression of the efficiency and functional state of the heart in accord- 
ance with Starling’s Law. This ratio is of greater significance than the 
heart voltune or stroke volume alone, and any considerable increase be- 
tokens impaired cardiac reserve.®-’ 

SIEASUREllIENT OP THE AORTA 

Roentgenologic examination of the heart should invariably include tlie 
aorta, for abnormalities such as enlargement, tortuosity, and calcification 
occur very frequently in heart disease, particularly in hypertensive and 
arteriosclerotic heart disease and in syphilis. Measurement of the true 
caliber of the aorta is difficult because both contours are not visualized 
in the frontal position. The left border of the descending aortic arch 
is visualized in the frontal roentgenogram, and, if the esophagus is filled 
with barium, the right border of the aorta is indicated by the aortic 
indentation of the esophagus; therefore, the diameter at this level of the 
aorta can be ascertained.®® The diameter of the transverse arch of the 
aorta can frequently be measured directly in the left anterior oblique 
position, particularly when some degree of emphysema is present to ai 
contrast, or when overpenetration technique is employed. These met lo s 
indicate the size of the transverse and descending aortic arch, ut i « 
the ascending aorta which is most often enlarged in disease. ve 
portion of the ascending aorta is buried in the cardiac shadov, an Ctm 
not be studied by sjxy means except contrast visualization with lo 
Enlargement of the ascending aorta is evidenced by piommenee o 
right border of the vascular pedicle, or by a forward bu ge ot i i 
anterior border of the aorta, as observed in the left anterior ° . 

An increase in the transverse diameter of the vascular pe ic e 
frontal roentgenogimm does not specificaUy indicate .g. 

aorta, for this may result from tortuosity alone; however, th 
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ment is useful iu that it does distinguish between a normal and abnormal 
aorta In normal subjects the right border of the vascular pedicle is £r - 
quently formed by the superior vena cava, rather than the ascending 
Lrta. In a recent study, ^ it was found that the 
diameter in normal subjects is closely related to weight and heig i . 
table established for predicting the transverse diameter of the heart from 
weight and height may be employed equally well for the aortic Ammeter 
(Pig. 3) . A correction factor for age is necessary ; 1 mm. is added tor 
each three years over the age of 43, and subtracted for each three years 
under the age of 43. Deviations from the predicted value up to 10 per 
cent are within allowable normal limits, but deviations in excess of. this 
are infrequently seen,® and the aorta may be considered as almost cer- 
tainly abnormal if the diameter exceeds 15 per cent above the predicted 
value, for 92 per cent of normal subjects fall within this range.^^ Al- 
tliough height, in conjunction with weight, is an important factor in pre- 
dicting the transverse diameter of the heart, whereas age is of little, con- 
sequence, this is not so with the transverse diameter of the aortic arch. 
In an analysis of 872 teleroentgenograms of normal subjects, the authors 
found that the correction for height between 59 and 76 inches was less 
than 1 mm., and height may, therefore, be disregarded. A prediction 
formula for the teleroentgenographic aortic transverse diameter is given 
by the equation, aortic transverse diameter (mm.) = 0.30 age, plus 0.14 
weight (pounds), plus 23.86. This gives approximately the same values 
as those obtained by consideration of height, weight, and age. The 
transverse diameter of the aortic arch is a simple and valuable standard 
for measurement of the aorta. It is important that the roentgenogram 
be made with the subject properly centered, for even slight rotation into 
oblique positions markedly alters the aortic transverse diameter. If the 
diameter is found to e.xceed noimal values, further study in the left 
anterior oblique position is indicated, for the aortic arch is best visualized 
in this view. 


electrocardiographic signs of enlargement 

It has long been recognized that characteristic electrocardiographic 
patterns occur with enlargement of the cardiac chambers, but this aspect 
of electrocardiography has received relatively little attention. It is not 
generally appreciated that the electrocardiogram provides the most 
sensitive method for detecting hypertrophy of the left ventricle Con- 
siderable hypertrophy may exist without any enlargement of the left 
ventricular cavity, the so-called concentric hjqiertrophy. Since hyper- 
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roentgenogram unless associated enlargement of the eavitv is present 
Concentric hypertrophy may he suggested, however, by increased con- 
vexity of the left ventricular curve, even though the dimensions arc not 
measurably increased. Hypertrophy of the left ventricle is usually 
accompanied by left deviation of the electrical axis in the electrocardio- 
gram. This alone is of no diagnostic value, however, for it occurs in a 
very large percentage of normal subjects, particularly those wlio are 
heavy-set and have transversely placed hearts. Indeed, one reason for 
the occurrence of left axis deviation in most eases of hypertension is that 


the greater number of subjects with hypertension are of sthenic build, in 
whom left axis deviation occurs normally. Left axis deviation, there- 
fore, cannot be considered indicative of “left ventricular preponder- 
ance,” a term which has been used ineptly as synonymous with left axis 
deviation. Marked left axis deviation, when the QRS complex is inverted 
in Lead II as well as in Lead III, does not occur normally, hut is caused 
by mymeardial involvement rather than ventricular enlargement. This 
type has been termed pathologic left axis deviation. 

Although left axis deviation itself is no indication of left ventricular 
hypertrophj’’, patterns occur which are characteristic of hypertrophy 
when left axis deviation is associated with other changes in the ven- 
tricular complex. An increase in the voltage of the QRS complex in the 
standard limb leads, most often in Lead I, occurs quite regularly with 
left A’^entrieular hypertrophy. In an analysis of the electrocardiograms of 
460 normal subjects with left axis deviation,^' the voltage of the QKS 
complex was less than 1.56 millivolts in 95 per cent of cases, and tlie 
sum of the II wave in Lead I and the S wave in Lead III was less than 
2.21 millivolts. In 99 per cent the voltage was less than 1.77 millivolts, 
and the sum of the R wave in Lead I and S rvave in Lead III was less 
than 2.54 millivolts. These values -were exceeded, on the other hand, in 
a very large percentage of cases of left ventricular hypertro])hy. The 
sum of the R wave in Lead I and the S wave in Lead III was found to 
provide a somewhat more sensitive criterion of hypertropliy than t ic 
voltage in any one lead alone. 

Characteristic changes occur’, too, in the terminal deflections of t 
ventricular complex, and these may occasionally precede the inciease 
voltage. In Lead I the S-T segment becomes displaced 
isoelectric line, and there is a reciprocal elevation of tlm S-T ses'" 

Lead III. In advanced stages the S-T segment may be depresse ^ 
II, as well as in Lead I. It is gerrerally stated depression UhJ 
S-T segment is significant if it is more than 1 mm., ru ei 
any noticeable degree (0.5 mm.) in Lead I in association le 
deviation must be considered significant because this was ner 
in the series of 460 normal subjects with left axis deviatioi 

studied by the authors. 
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Flattening and subsequent inversion o£ the T ivave in Load I occui 
witli left ventricular hypertrophy, and, in more advanced stages, inver- 
sion of the T wave occurs in Lead IT, as well. There is a reciprocal rela- 
tionship between the T wave in Leads I and III; as tlic T wave bcemie.s 
deeply inverted in Lead I, it becomes more upright in l.ead LJ. isoi- 
mally, the T wave in Lead I should be at least 1 mm. in am])litudo and 
low amplitude in association with left axis deviation is suggestive of lelt 


ventricular hypertrophy. 

It should be noted that the S-T segment and T-wave changes just, de- 
scribed may be present with left ventricular hypertrophy in the absence 
of left axis deviation.-'- This is particularly likely to occur in subjects 
of slender build. The changes in the S-T segment and T wave, although 
they are characteristic, are less specific for left i-ontricuhir hyjiertrophy 
than increased voltage, for they may occur in a variety of other condi- 
tions. In the more advanced stages of left ventricular enlargement, 
sluri’ing, notching, and widening of the QRS com])lex arc observed, and 
eventually the pattern of left bundle branch block appears. This is rpiiic 
different in origin from the slight increase in the duration of QHS (up to 
0.10 second) wliich may result from prolonged excitation of the ventricle 
caused by hypertrophy itself. It is most probably the rcsull. of Lie myo- 
cardial fibrosis which is generally associated with marked left ventricular 
enlargement, and which occurs chiefly in the subendocardial layers of 
the left ventricle and the interventricular septum, and therefore may in- 
volve the conduction system which ramifies in this region. In addition 
to the abnormalities described, changes in the precordial leads occur 
with both left ventricular hypertrophy and right ventricular hyjicr- 
trophy.^° 


A characteristic electrocardiographic pattern occurs with brjicrtrophy 
of the right, as well as of the left, ventricle. Tlic changes consist, of 
right axis deviation, accompanied by depression of the S-T segment, in 
Lead III and frequently Lead II, and inversion of the T wave in Lead 
III, and eventually in Lead II, as well. Tlie voltage of the QRS com- 
plex is not regularly increased as it is with left ventricular hypertrophy. 
When the pattern is fully developed it is quite characterivStic of ri"ht 
ventricular hypertrophy, but frequently in the less advanced sta-ms it 
may be difficult to be certain tliat right ventricular strain is present be- 
cause similar changes may occur in normal subjects of slender build, or as 
a result of positional changes of the heart. The electrocardiographic 
abnormalities frequently disappear in asthenic subjecls, however 
the tracing is made in the recumbent position. ^^hen 

Auricular enlargeaient, also, may be revealed in the eIectrocardio.n-am 
The left auricle is the one ■which is usmilv onint i i o ■ 

of mitral stenoak Chan-ea oeeur in tho-P warn aa’,™!? of'?''”"') 
condnotion throngh the dilated and hypertrophied auricle. S.i P 
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becomes notched, its duration exceeds 0.10 second, and it increases ii, 
amplitude to more than 0,25 millivolt. Ultimately, auricular fflirillatio,, 
ensues as a result of longstanding auricular enlargement. Aurienlar 
premature beats and anricular flutter occasionally presage tiie cliaiio-e 
to auricular fibrillarion. Altbougli hypertrophy of the left ventricle may 
be detected earlier in the electrocardiogram, roentgenologic metliods are 
superior in revealing auricular and right ventricular enlargement. 'When 
generalized cardiac enlargement is present the electrocardiograpliie 
changes are less specific, and the opposite effects of right and left ven- 
tricular enlargement maj'' balance each other so that there is no deviation 
of the electrical axis, although other abnormalities, such as increased 
voltage and changes in the S-T segment and T waves tend to per- 
sist. The electrocardiogram may be relatively normal when enlarge- 
ment is caused bj’’ dilatation of the cardiac chambers rather than by 
hypertrophy. Roentgenograms, therefore, are superior when generalized 
enlargement exists. 

SUMMARY 


Accurate estimation of the .size of the heart is important. So far as pos- 
sible, an attempt should he made to define enlargement in terms of the 
individual chambers, for characteristic changes occur in various types 
of heart disease. Enlargement of the cardiac chambers other than the 
left ventricle cannot be detected on physical examination except in ad- 
vanced stages. Fluoroscopic or roentgenograpliic examination in frontal 
and oblique positions is of greater advantage in evaluating enlargement 
because the contours of the separate chambers may he visualized. 

If proper account is taken of the physiologic variables which influence 
the size of the heart, mensuration is of value in ascertaining Avhether the 
heart is enlarged, hleasurements are of greater value as an index oi 
generalized enlargement of the heart than in ascertaining the size of tlie 
individual chambers. There is a definite field of usefulness for measnic- 
ment standards in evaluating the size of the heart as a whole, foi fie 
quently enlargement does not involve individual chambers distinctlj, 
and one can state only that the heart is enlarged. Sfensiu ation is lui 
necessary when gi’oss enlargement exists, but lesser degrees of en aroC^ 
ment often escape detection on inspection. Conversely, an appal en) 
large cardiac shadow may assume less significance when it is eonsi 


in relation to bod3^ build. , 

The most practicable measurements are the transvcise diametci < 
the area of the frontal heart sillionette. Planimetric ineasuremen o 

cardiac area is difficult and inaeeui’ate in the i j 

area may be calculated with considerable accuracy from the piodn 
the long and broad diameters. A nomogram winch 

late the frontal area from the long and f sj.own 

Predicted values for the frontal area from weight and h g 
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non 


on the same nomogram, and, in addition, llm predided transvc,^> 

diameter of the heart and of the frontal ^ J 

eluded These measurements, i.e., the Irontal aic.i, u. j • • 

diameter of the l.carl,, and the l 7 -ansver.se diameter ol frontal aoi-tte jireli 
silhouette suffice for evaluating the .size of tin; liearl. hnnployment o 
the nomograms permits the convenient. :i])p!icalion of these more vjilualile 
cardiac measiircments. ISloasuvcmcnts arc not to ho rcgai-ded as hna . 
but should be omploved to complemeivt careful .study of the individual 
cardiac chambers by fluoroscopic examination; and the diagnostic sig- 
nificance of cardiac enlargement should ahvay.s be considered in rela- 
tion to the associated clinical observations. 

Characteristic elect rocardiograjdiic ])attern.s are olj.scrved when theie 
is eulargemeiit of the various chauibei-.s, and it i.s emi>hasized that (he 
electi-oeardiogram provides the most, .sensitive method for (hdeeling 
liyperti'ophy of the left, ventricle. Koenlgenologic methods 7irc .sujjerio?’ 
in I'cvealing auricular aud right, venlrieular cnlargi'iiient, or u'hen 
generalized enlargement exists. Tlic elect rocardiograjdiic elmngi's arc 
the result of hypertrophy, ivitlicr than onlargemeiit as .such, I'lie electro- 
cardiogram may be relatively normal wlimi enlargi'incnt is the re.sult of 
dilatation n-itboul a.ssoeiated by])evtro)7by. 

The authors acknowlcilgo with tlmiiks ttic aid of Mr. 1!. A. Porter, of titc fjf:iti.“lh'al 
Bureau of the Equit.'iWc Life Assurance tsocioty, in ttic iinqiaratton of ttie. noiun'jnuu'' 
for tile area and lransvcr.«e dianicter of llic frontal .‘•illioiietlo of tlie heart. 
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14. Authors’ observations of 104 orthodiagrams made bv Dr Dnviri ■p' q. 

at the Mutual Benefit Life Insurance Compan 3 ^ The average deviatin^r^ 
tween the cardiac |rea determined by the planimeter and valuercSlcah cd 
from the product of the long and broad diameters was less than 3 Sr cif 
Analysis of an additional 32 orthodiagrams reported by Moritz^o^ showed 
an average deviation of 2.3 per cent. ^ snowed 

15. BaMeen, C E.: Deterinination of the Size of the Heart by Means of the 

X-Eays, Am. J. Anat. 23: 423, 1918. 

16. Friedell, H. L.: The Estimation of the Size and Stroke Output of the Heart 

by Means of Eoentgenkj^mographj', University of Minnesota Doctor’s 
Thesis, May, 1,940. 

17. Eohrer, F.: Volumbestimmung von Korperhohlen und Organen auf ortho 

diagraphischen Wege, Fortschr. a. d. Geb. d. Eontgenstrahlen 24: 285, 


18. Kahlstorf, A.: tiber eine orthodiagraphische Herzvolumenbestimmung Fort- 

schr. a. d. Geb. d. Eontgenstrahlen 45: 123, 1932. ’ 

19. Benedetti, P.: Die klinische Morphologic des Herzens und ihre Auswertungs- 

methodik bei Herzgesunden und Herzkranken, Ergebn. d. inn. Med. u. ■ 
Kinderh. 51: 531, 1936. 

20. Ludwig, H.: Weitere Untersuchungen zur rontgenologischen Beurteilung dor 

Herzgrdsse, Fortschr. a. d. Geb. d. Eontgenstrahlen 59: 250, 1939. 

21. Cignolini, P.: Lo studio radiologico della volumetria cardiaca proposto di 

un novo metodo e suo controllo anatomico, Cuorc e circolaz. 12: 405, 1928. 

22. Ungerleider, H. E., and Gubner, E.: Teleoroentgenkymographj". Its Applica- 

tion to the Stud}’’ of Heart Size, Output and Aortic Elasticity, Radiology 
33: 497, 1939. 

23. Keys, A., Friedell, H. L., Garland, L. H., Madrazo, M. F., and Eigler, L.'g.: 

The Eoentgen Kymographic Evaluation of the Size and Function of the 
Heart, Am. J. Eoentgenol. 44: 805, 1940. 

24. Nylin, G.: More Eecent Developments of Heart Function Tests, J. A. M. A. 

109: 1333, 1937. . . , , 

25. Kreuzfuchs, S.: Die einfachste Aortenmessung und ihre physiologisch-khn- 

ische Bedeutung, Miinchen. med, Wchnschr. 83: 681, 1936. 

26. Eobb, G. P., and Steinberg, I.: Visualization of the Chambers of the Heart, 

the Pulmonarj' Circulation, and the Great Blood Vessels in Man, Am. 

J. Eoentgenol. 41: 1, 1939. „ . it 

27. Daley, E. M., Ungerleider, H. E., and Gubner, E. S.: Prognosis and In- 

surability of HjT>6rfcension with Particular Eeference to the Electrocardio- 
gram, Assn. Life Insurance Med. Dir. 28: IS, 1941. 

28. Kaplan, L. G., and Katz, L. N.: The Characteristic Electrocardiograms in 

Left Ventricular Strain With and Without Axis Deviation, Am. .7. I'b be. 


29. Wilso^ii, P.\.: Eecent Progress in Electrocardiography and the Interiuetatioii 
of Borderline Electrocardiograms, Assn. Life Insurance Med. Dir. 


96, 1937. 

30. Moritz, F.: tiber Veranderungen in 
beim tibergang aus horizontaler 
Arch. f. klin. Med. 82: 1, 1904. 


der Form, Grosse und Lage des Herzens 
in vertikale Korperstellung, Deutsches 



T 


A SIMPLE METHOB FOR MEASURING CARDIAC ARF.A FROM 

THE ORTHODIAGEAI^I 

]\IiLTON Mazer, M.D. 

'Wasiiingtox, D. C. 

HE size o£ tho heart is important in the diagnosis ot heart disease 
Of the available nicthods of estinialing it. all ot ivlnch arc ■ 

indireel, the area of the frontal projection ot the l.cart s ■ 

ographic shadow is one ot the most nsetnl. The area o snch an ortho- 
diagraphio traeing, witli the superior and interior borders drnnn con- 
jecturally, is usually measured by a ]>lauimelcv, or by Iranstcrnng ic 
outline of the area to finely squared paper and counting the squares con- 
tained nnthin it. The latter method, to be accurate, requires^ finely 
squared paper and an estimation of how much of Ihe squares which are 
transected by the cardiac outline should he included. Hence, ^ it is 
tedious. The planimetcr, although it is accurate and convenient, is not 
always available. It seemed desirable, therefore, to investigate the ]>ossi' 
bilities of a method which would not require the use of a planimeter and 
would avoid the tediousuess and potential errors inherent in the squared 
paper method. 

In 1914, Nissind described a simple method for measuring tho frontal 
area of the heart’s roentgenographic shadow. The outline was traced 
on a sheet of aluminum which was cut out and weighed. Tlie weight of 
one square centimeter of the aluminum sheet was also ascertained. The 
appropriate calculation gave the frontal area of the heart. A partial 
application of this method, in which paper was used instead of aluminum, 
was utilized by Strong and Gordon* to asccrlaiii the effect of strophan- 
thin on the size of the rabbit ’.s heart. Tliey did not actually measure 
the cardiac area, but used the method only for comparative purpo.ses. 
They noted that. A. E. Cohn bad previou.sly employed llie .same j)ro- 
eedure. 

METHOD 

The method for measuring tiie area of the orthodiograpliic tracing which i.s de- 
scribed in tins paper is essentially a modification of tliose mentioned above. Tlie 
steps are as follows ; The outline of the lieart, with the superior and inferior borders 
drawn in conjecturally, is retraced on a piece of tlie same tracing paper whicJi 
used for the original ortliodiagram. A sharply pointed grade 4 pencil has been found 
satisfactory for this purpose. The traced area is then cut out wifi, .scis.sor.s. The 
out^s weighed on a chemical balance and it.s weight recorded. On another piece 

the opinion c^^ssfa 
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of tracing paper a square, 10 cm. x 10 cm. (100 sq. cm ') is n,. 

.'.gM-angled Mangle md a ecatimeler rule. This area is ’cut ort aas "'.a 

serves as a standard. Su.ce the weight of 100 sq. cn,. of the tracing pa,,; 
the cutout which represents the cardiac area is knoum, the area of the 
computed. 


cutout iiiav he 


Por example, the traced cutout of one orthodiagram weighed 362.5 mg. Tlie aver- 
age weight of 100 sq. cm. of the paper used in this study was 282.1 mg.'’ One square 
centimeter of the paper, therefore, weighs 2.821 mg. Dividing the '’weight of tlie 
orthodiagraphic cutout by this factor gives a value of 129.2 sq. cm. for the'’arca. Or 
to put it in general terms, ’ 

A j! . . / a Weight of cutout 

Area of cutout (sq. cm.) = ^ ^ 

Weight of 1 sq. cm. of paper 

Since the weight of the standard is a vital measurement which affects all estima- 
tions, it has been found desirable to ascertain the weight of an average standard 
from 10 to 12 separately measured squares. This value may be used in all sub.=e- 
quent estimations, but should be cheeked whenever a new roll of paper is employed. 

Accuracy of Method . — The areas of 100 orthodiagraphic traciug.s and 
arbitrarily drawn areas of the shape of the heart were obtained liy this 
method and cheeked by the planimeter. The average error for the 100 
tracings was 2.8 per cent. The average negative error was 2.1 per cent; 
the average positive error, 3.2 per cent. Since the errors in the ortho- 
diagraphie projection and tracing are greater than tliis, and since varia- 
tions from normal of less than 10 per cent in cardiac area are not usu- 
all}’’ considered significant, it is apparent that this method is sufficiently 
accurate for all practical purposes. 

Sources of Error . — The method has the following potential sources 
of error: (1) Variations in weight of paper; (2) errors in weighing; 
(3) errors in cutting outline; (4) errors in tracing. 

An attemj)t ivas made to ascertain the magnitude of the variation in 
the weight of the tracing paper per unit area. Accordingly, 16 sheets 
of the paper were clipped together between slieets of thin cardboard with 
puncture clips. The tablet so formed was then cut into a roughly ciien- 
lar shape. By this means the errors caused by tracing and cutting the 
outlines were eliminated. The clips were then removed and the in i 
vidual sheets w^eighed. The mean weight was 400.2 mg., with a standard 
deviation of +10.4 and an average deviation from the mean of 2.1 pei 
cent. Therefore, variations in the weight of the tracing paper are qui c 
small. 

The errors in weighing, likewise, are negligible. The v ei-,ht of 
traced areas of paper was of the order of 250-450 mg. Hence, 
in 'weighing of 1 mg. ■would at most introduce an over -all error o 
0.4 per cent. Although in this study the method of -swings was used m 
the weighings, this is probably not rreeessary in ordirrarj rorr rnc 
The sensitivity of the average chemical balance is such ° 

pointer within 3 scale divisiorrs of zero will never rrrtroduee an , 

greater than 0.5 per cent. 
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7,ffiASURI^:G CAUUIAG AKICA FROM OKTIIOPIACHAAI 


No method was devised Tor differentiating errors in tracing and in 
cutting of outlines. However, in order 1o aseerlain Ihe constancy of llie 
method without recourse to planimetrie control, 32 separate tracings ot 
the same original area Avcrc made. The mean area was found to be 
132.8 ± 3.4 sq. cm. The average deviation from the mean was 3.0 per 
cent. 

The magnitude of the possilile errors in tracing and cutting may be 
estimated from a consideration of the shape of the ovthodiagram and 
the formulas which describe areas of such sliapc. In general, the shajm 


of the frontal projection of the heart approximates an ellipse, and at 
times approaches a circle. If, in tracing and cutting a circle 100 sq. cm. 
in area, the circle is cut 1 mm. larger than the original along its entire 
circumference (making a 2 mm. error in the diameter), the error in area 
will be 3.5 per cent. Similarly, in tracing and cutting an clli]).so 107.0 
sq. cm. in area, positive errors in the radii of 0.9 mm. and 1.2 mm, will 
introduce an error of 3.7 per cent. Experience has shown that orror.s as 
great as these are not likely to bo made. 

The errors of this method were more often positive than negative. Of 
the hundred estimations, 65 showed po.silivc oi'roi'.s, as eomiiared with 
the planinieter, with an average error of 3.2 per cent, wliorcas 35 showed 
negative errors, with an average of 2.1 per cent. 

The accuracy of the method was, in onr hands, iniproi'cd by practice. 
Ill the first fifty estimations the average error was 3.7 per cent, rvhereas 
in the last fifty it ivas 2.0 per cent. 


SUMMARY 

A simple method for measuring the area of the ordiodiagrajdiie trac- 
ing is described. It requires no instruments wliich am not already 
available in the average ho.spita]. The error of 1 ho method is quite 
small, and ivell within normal variations in the size of the heart and 
errors in orthodiagraphic projection and tracing. 

1 n.n indebted to Blanche B. Wilcox, Ph.D., for the planimetrie numsuremont.s. 
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AN INTERPEETATION OP THE INJURY AND THE ISCHEMIP 

effects op ]\iyocaedial infarction in accoedancf 

WITH THE LAWS WHICH DETERMINE THE PLOW OF 
ELECTRIC CURRENTS IN HOMOGENEOUS VOLUME 
CONDUCTORS, AND IN ACCORDANCE AVITH 
RELEAi^ANT PATHOLOGIC CHANGES 


Robert H. Bayley, M.D. 
New Orleans, La. 


INTRODUCTION 

CONSIDERABLE confusion and difference of opinion exist as to the 
^ interpretation to be placed upon the RS-T junction displacements 
caused by human and experimental myocardial infarction. For ex- 
ample, the prei^alent idea that subepicardial damage produces an upward 
(positive) RS-T junction displacement and that subendocardial damage 
produces a dovoiward (negative) RS-T junction displacement^ is, in my 
opinion, clearly untenable. With certain reservations it may be admitted, 
in accordance with the opinion of others,® that the injury effects of 
infarction are brought about in essentially the same manner as those 
produced experimentally when the subepicardial region of the ventricu- 
lar wall is damaged by heat, chemical agents, suction, or infection. 

In the title of the present discussion the terms “injury” and 
“ischemic” refer to electrocardiographic effects, and have been defined 
in accordance ndth the membrane theoiy.®'® The difference between an 
injured and an ischemic zone of cardiac muscle is one of function with 
respect to the electrical effects' which are produced. In this regard, an 
injured zone is, one which acts during diastole, and probably during 
systole, as the source of an electrical field of injury, and is a zone within 
wliieh there exists or appears to exist a gradient in the intensity of polari- 
zation. The injured zone is responsible for the RS-T junction displace- 
ments which appear on the completed record only during systole.® An 
ischemic zone is one in which polarization is everwhere complete din- 
ing diastole (as in the case of normal muscle), but (unlike norma 
muscle) is one in which the onset of polarization is abnormally tai J 
during the regression period.® The existence of an ischemic zone of su 
cient dimensions accounts for the primary T-'wave changes 
occasionally observed before, and frequently after, myocardia in arc 
tion. Generally speaking, both an injured zone and an ise emic zon 
are regions which are deprived of their normal blood supp y, 3 > 
therefore, both are ischemic, the former even more so t an t ic 
Nevertheless, it is of considerable importance from the 
graphic standpoint to differentiate the two zones in the manner e ^ 

From the Department of Medicine of the Louisiana State University School of 
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No demonstrable pathologic changes arc implied by the 
use of the terms ‘‘injured zone'^ and ischemic zone. * • < 

of fact, local ventricular ischemia is known to be unattended by demon- 
strable structural change." It seems po.ssihle that an in.iured zone may 
likewise be unchanged in the ordinary pathologic sense. By the 1i me 
a region of cardiac muscle has suffered sufficient damage to exhibil 
microscopic changes, the involved cells have, it appcai-s, already become 
electrically inert. These statements simply agree with the idea that, a 
large gap ordinarily exists between delicate changes in a physiologic 
process and demonstrable pathologic change. 


ON THE INCOMPATIBILITY OF DIRF.CT AND INDIRF.CT MYOCARDIAL DAMAGE 


The injury effects of subepicardial damage produced by heal, suction, 
infection, or chemical or mechanical agents arc almost certainly the 
result of the electrical activity of a thin layer of injured cells which 
separates the dead from normal (or the damaged from normal) muscle/- 
The injured lajmr acts during diastole as if it were an electric double 
layer in which a uniformly distributed source resides at that surface 
directed toward normal muscle and in which a uniformly distributed 
sink resides at that surface directed toward dead niusele." It may 
readily be shown" by the laws wliich govern the how of electric cur- 
I’ents in volume conductors that the electrical field pi'oduced by an 
open double layer of the kind specified is iiroportiomilly represented by 
a single vector 1, the direction of which is that of a lino drami toward 
the center of the involved cliamber normal to the plane circumscribed 
by the epicardial surface boundary of the double layer, and the magni- 
tude of which is equal in units of length to the area of the plane in units 
of area. In recording the extremity loads (and unipolar loads), a cur- 
rent is introduced into the body-galvanometer circuit which neutralizes 
the effect during diastole of the diastolic field of injury." If accession is 


regarded as a partial reversal of polarization, let us say to one-half of 
the intensity of the resting state, then 2/3 i is the effective electromotive 
force which is neutralized during diastole. Consequently, during .systnlc, 
when the electrical field of injury again exists, with its polarity revei-sed. 
the neutralizing current is free to flow unopposed about the circuit, and 
the total effect on the completed record caused by injury is the same as 
if the field existed only during systole. That is, if the vector 2/3 i do- 
smbes the field of injury during diastole, a vector -i must describe the 
effect on the completed record during systole. The vector -i mav be 
termed the spatial axis of injuiy. The projection of -t upon the frontal 

ofTnjuiy 



origin 0. The reference axes 
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thus formed have a positive and a negative half, divided by the orir^in 
0. The reference axes divide the frontal plane of the body into sextants 
When the vector -i' is translated into the reference system in such a'v’av 
that its origin coincides with the origin 0, its projections -i'j, -i'l, and 
-i's upon the reference axes faitlifully describe (in a proportional'ivay) 
the ES-T junction displacements, in the extremity leads. The subscript 
simpoly denotes the lead in question. 



Fis. 1— a. The triaxial reference system formed by s 

Einthoven triangle. The frontal plane of the body is thus divided into sextants^ 

Sextants 5 and 6 are partially bounded by the positive J 

bv the negative half, of the three axes. Both sextants 1 ^ t Ls nn ^ ft Show- 

by a positive and a negative half of the same two axes (Leads I and HI), o, Sh \ 

ing the axis of injui-y -1', drawn outward from the origin 0 into i„i, 

order to represent tiie frontal plane projection of the jSitPi^^nr^centroid ot an 

points from the center of the involved ventricle toward the centei or cen^^ 
injured zone produced by localized pericarditis on fhe anterolateial ve argumeV 
Also shown is another axis of injury -1', splitting the gXLndocardial 

the latter axis of injury is the one which should be produced gjgn 

infarct in the same general location as the local fhwinir^svstole ot 

merely indicates that the quantity -I' is of the inverse ^When the vector 

the electromotive force of injury 2/3 i' which exists during ^ the three 

-1' for either of the illustrated instances is ^oth magnitude 

reference axes, the resulting projections -1 1 , "S/' w the subscript, 

and sense the RS-T junction displacements of ^1“® awording to their 

Tlie projections are positive or negative (upward pp tpvt 

location on a positive or negative half of the reference axes. Se . ■ 

For example, subepicardial damage caused by beat, chemical agents, 
suction, or infection, localized upon the anterolateral aspect o ^ 
ventricle, produces an axis of injury -i' (Fig. 1, b) wluci sp i s le 
sextant. Consequently, the ES-T jxuiction displacements aie o 
cordant tjqie, i.e., positive in Lead I, negative in Lea , an x a 
in Lead II. On the other hand, subendocardial damage ‘ 

general location is a structural inverse of the specified su p ^ 
damage, and should, by the same reasoning, pi o nee the 'RS'T 

-r which splits the fourth sextant (Fig. 1, b). I- this veiE the 

junction displacement should again be of the ' j'; 

tive in Lead I, positive in Lead HI, and -naMe Load IL ^In 

of the fact that an infarct in the same ^ ^ ^ last mcn- 

tricular wall is ordinarily essentially snbendocaidial, these 
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tionrf effects eve observed to be the inverse ol those wl.ieli 
occur climeally and cxpcriracnlally in association y"'' ! 

infavetioii. A similar disagreemciiV enists also 'f ’ 
and actual lads pertaining to an essentially snbciidocai dial i il. e ■ 
other portions oi the ventricular ivall. The disagreeiiieiit is lihcMse .1 
an inverse kind for direct, scinidircct, pvccovdial, and csop lageal leads. 
That most infavets iu mail are essentially siibcndoearclial is borne on ^ )> 
the significance in relation to infarction ivbicb ims become allaebeii to 
certain initial aeecssiou deflections (Q) of the extremity leads. iiloi'O- 
over, the traiismural infarct almost always has an endocardial surface 
boundary which exceeds its epieardial surface boundary, with the result, 
aecoi'diug to the present argument, that its axis of iu;}ury should ba\e a 
direction similar to that which would occur if the latter boundary wci'c 
absent, a.s in tlie case of subendocardial infarct. Here again, the theoreti- 
cal results prove to be the inverse of those which arc actually known to 
occur with transmural infarction of various portions of the wall of the 
left ventricle. Inasmucli as the laws which govern the How of electric* 
currents in volume conductors have been adequately showu'^ to appl.v to 
problems of the kind under consideration, it follows lliat the situation 
which is known to exist after sube])icavdial injury produced by direct 
damage cannot be comparable in the details of its pattern to damage re- 
sulting from impaired coronaiy flow. Unlike direct myocardial damage;, 
the damage resulting from impaired coronary flow is attended l)y a rela- 
tively widespread disturbance in the dynamics of local blood flow, Tlie 
detailed pattern of this disturbance must, it .seems, determine which zone 
will assume the in.inred state, and which will assume tlic ischemic .slide. 
The nature of tJie disturljance should also he reflected in the gcncriil 
cfliaracter and di.stribution of the relevant pathologic changc.s. Ui*. E. 
fj. Biirms^' has kindly contributed the following snramaiy of the ana- 
tomic changes: 

The pathologic changes which occur in the heart of man and dog 
after rapid occlusion of a large coronary artery hai’c been well de- 
scribed. Karsner and Dwyer,* working with dogs, studied the myo- 
cardial changes at various intervals after coronarj^ artery ligation. 
They found that the affected areas of muscle first became cyanotic^ 
and have an extremely irregular outline. Subsequently, the final area 
oi infarction was observed to be considerably smaller than the early 
area of cyanosis. This was interpreted as indicating that, alllion4 
the coronary arteries were terminal in an anatomic sense, there n’cre 
probably neb possibilities for a collateral circulation. In early in- 
farcts, congestion, hemorrhage, and edema occurred in the stroma and 
cloudy welling, fatty degeneration, and hyaline and gra 
occurred in the imisele fibers. After forty-ei-ht hours fibi oll! 
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necrotic and living- heart muscle was demarcated by a well-definnfl 
zone of fibroblasts; and, after eighteen days, the infarcted area was 
composed of a rvell-formed scar. At this time the sear ^Yas fairiv 
dense, moderately vascular, and contained remnants of hyalinized 
muscle. For the most part, living muscle ended abruptly at the ecFc 
of the scar. “ 


The serial anatomic changes which follow infarction of the human myo- 
cardium have been well studied by Mallory, White, and Salecdo-Salgar.'’ 
The earliest changes, grossly, were pallor and dryness of the myo- 
cardium. In some instances, blotchy, red-purple areas of focal hemor- 
rhage were found. These changes persisted and became accentuated 
during the first forty-eight to seventy-two hours. About four days 
after infarction, a fine yellow border could be seen at the periphery 
of the infarct. The yellow border proved to be a zone of leucocytic 
infiltration. By the six- to eight-day period, the zone of infiltration 
was broader, and, in some regions, was of a yellowish-green color. 
Eight to ten days after infarction, a reddish-pnrple zone, composed of 
newly formed capillaries filled with erythrocytes, bad appeared at the 
periphery of the dead muscle. Concurrently, the volume of the infarct 
had contracted so that a definite, groove-like depression could be seen 
at its periphery. The depression had resulted from local removal of 
dead muscle fibers. By the end of three or four iveeks, there remained 
only small islands of necrotic muscle, surrounded by granulation tissue. 
By the end of two or three months, the granulation tissue had become 
transformed into a white, fibrous scar. Whenever and wherever the 
epicardinm or the endocardium was involved, simultaneous and similar 
changes occurred. Microscopic studies showed that myocardial necro- 
sis was the earliest change, appearing within five or six hours after 
infarction. When the artery was completely occluded, uniform necrosis 
I'csulted. As a general rule, however, the necrosis failed to involve a 
thin layer of surviving muscle (0.3 to 0.5 mm, thick) which lay beneatii 
the endocardium and extended within the wall along the thebesian veins 
of the involved region. Additional early changes included hemorihage, 
fatty metamorphosis of the muscle fibers, and infiltration of poljmioipho- 


nuclear leucocytes. 

Microscopic evidence of healing commenced about the fourth day, a 
which time blood capillaries and fibroblasts had appeared at the penpli- 
ery of the infarct and had begun to grow inward toward its center. 
Mononuclear cells (probably histiocytes) had begun to remove ^ 
necrotic muscle by phagocytosis. The latter process appeal e ^ P 
gressing rapidly at the periphery of the infarct. By the ^ 
necrotic muscle fibers had usually been ‘i 

zone 1 mm. wide at the margin of the infarct. Snbsequen y, ‘ 
of necrotic muscle took place more slowly, continuing to wMmn 
about six weeks’ time. At about the twelfth day, newly 
fibrils were noted ; by the end of the third week, collagen v a 
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prominent; and, b,v the end of tUo socoud or third month, Iho maxi, nun, 

amount of collagen had been deposited. _ 

Mural thrombi iveve noted as early as the dfth y 

Jion tvas eomplete on about the sWeenth 
organized thrombi were sometimes \ 

friS^rtion of tt heart wall, with resulting " 

in the neighboring portion of the ventricular cavity, rathei than bj a ., 
cMtinrelect exerted by the infarct itself. Moreover, a subendoeardia 
layer li living muscle was frequently preserved beneath the muia 

thrombus. 


V . 



Fig. 2. — A section from the inner layers of the wall of the left ventricle. The 
patient had suffered from a growing- infarct of three months’ duration wliich 
measured 7 cm. in diameter. It involved the anterolateral wall of the left ventricle. 
The region shown is from the more recent basal zone of the infarct. The dark 
smooth margin is the endocardial surface. The subjacent region shows a distinct 
layer of living muscle. Note the gradient in its abnormal appearance which is every- 
where more striking in a direction away from the endocardial surface up to the 
abrupt line where it terminates at the dark necrotic muscle. In the lower right-hand 
corner, the necrotic muscle has been partially removed. An electrocardiogram recordoel 
on the day of the patient’s death is shown in Fig. 3. 


A comparison of the development and healing of myocardial infarcts 
in man and dogs shows many similarities and feiv differences. In dogs, 
hemorrhage is a more prominent feature, and the rate of healing is more 
rapid. Fibroblastic proliferation begins in about forty-eight hours in 
dogs, but requires about four days in man. In dogs, the dead muscle 
usuallj’' has been removed from a well-defined peripheral zone by tlie 
^th day, whereas a similar process requires ten days in man. Sear 
tissue is well developed in dogs by the eighteenth 'day, but similar 
changes require two or three months in man. 

The faster rate of healing in dogs has been attributed to the smaller 
size of the infarct and to a more normal residual coronary arterial tree. 
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™™ssiMe In such instnncos it is probable that the layer conlmucs to 
ZTyfbecaSe “t receives nourishment from a richly anastomoses! 
plesrrs ol arteries, described by Gross,- beneath the endocardial smiaem 
In the absence o£ a thrombus the layer probably receives 
from both tlie thebesian veins and the subendocardial plexus of aitei cs, 
and in such cases the possibility of direct imbibHion of oxygen from the 
neighboring ventricular cavity must also be considered. 


THE ELECTRICAL REQUIREMENTS 

In addition to the implications of certain of the above described patho- 
logic changes are the requirements which may readily be deduced liy a 
critical analysis of the electrical phenomena laiowm to be associated mth 
infarction. These requirements are: (1) The injured zone is, for the 
most part, a consistent feature of early infarcts. (2) The injured zone 
is located in the general region indicated by the spatial axis of injuiy -i, 
which, by mle, points from tlie center of the involved ventricle toward 
the center or centroid of the injured region. (3) A corollary of Item 
2 is that, if imaginary equipotential surfaces are constructed witliin the 
injured zone in such a way as to describe regions during systole through- 
out any one of which the inten.sity of incomplete polarization is every- 
where the same, the surfaces must be more numerous between the dead 
zone and the endocardium than between the dead zone and the epicardiuni 
of an essentially subendocardial infarct (ol)viously, in a transmural in- 
farct no such surfaces can separate the dead zone from the cpieardium, 
for the two structures are contiguous). (4) The environment of tlie in- 
jured zone must be such as to enable the zone to continne electrical activ- 
ity for several weeks in man (and for a more brief period in dogs). (5) 
The gradual disappearance of the activity of the injured zone niiist ho 
intimately associated in some manner witli, or ho dependent upon, the 
appearance of the sequential and prononneed T-wave changes wliich are 
ascribed to perifocal ischemia. Finally (6), the injured zone must bo 
so organized that it undergoes a .subnormal change in the intensity of 
polaiization. If the subnormal change oeeur.s during regression of the 
injured zone, an injury current flows. If the .subnormal change occurs 
during accession of the injured zone (a blocking effect), the field pro- ’ 
dneed and its effects on the RS-T junction will be tlie same, or nearly 
the same, even tliougli no injury current flows. It appears unlikclv 
however, that blocking occurs as a rule. 


PROPOSED THEORY OP THE DISTRIBUTION OF INJURY 


and ischemia 


In a subendocardial infarct, the zone of injured cells wliich appears 
to meet the anatomic and electrical requirements is depicted in Fi^^4 a 
The proposed theory of the distribution of the injured zone of a 

nfhe eyenrthr he f simplicity. As might be expected 

in xne event that the infarct is essentially subendocardial tlie iiiL,, i 

.one . perifoea. with veapact to the dead zone. S: ittmt 
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shown, is sciniperiiiocal with respect to the dead and injured zones. For 
a transinural infarct, lioth the injured and the ischemic zones are 
depicted as semiperifocal with respect to the dead. zone. 

In Fig. 4, «■ or h, tlie lines drawn within the injured zone which com- 
mence upon the dead zone and cut the equipoteiitial surfaces at right 
angles represent the imaginary paths along which the gradient of inten- 
sity of polarization increases most rapidly. They terminate upon the in- 
ner surface of the ischemic zone, Avhere polarization is normal, and they 
terminate upon the neighboring epicardium. Presumably, after the earh 
stao-es of infarction, the lines contract in the direction of the dead zone. 



[h) 


ta; 


Vn ■Src.=c.r.ca«y - ' 

Of the subendocardial layer pe ^ ^il-ectioil of H'C 

Tims, as the volume o£ the tajui'cd m 

dead zone, the volume of the ischein ^ injured state • 

for muscle units which are of the lines ’ 

pass into the ischemic state, ^he ^ -^.j^otion displacements d- 
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Neither the equipotential surtaccs nor the f "radl 

larization is to he contused ndth the equipotential i^ces and the^.iad^ 

ent of intensity of the electrical field produced hj t ic 1 
former two terms are used in their broader sense m i , . ' , 

source, not the distribution, of the field produced by Hic 
The distribution of the source is lamellar. The distribution of the f 1 
throughout the heart and body may be likened (so far as the ex « 
leads are concerned) to tliat wliich would occur if an electric doublet 
were situated at the epieardial surface, with its axis collinear wit i le 
spatial axis of injury (Fig. 4). The injury potential at a field point p 
in the vicinity of the epieardial surface (Fig. 4, h) may be regarded as 
proportional to the sum of the solid angles subtended at p by the many 
epieardial surface boundaries of the open equipotential surfaces. On 
further analysis it becomes apparent that all regions enveloped by the 
closed equipotential surfaces make no contribution to the outside electri- 
cal field of injury. Moreover, when the injured zone is of such size and 
position as to be completely enveloped by the ischemic zone, all ccpii- 
potential surfaces are closed, and no RS-T junction displacements occur. 
Clearly, the RS-T junction displacements of the kind under considera- 
tion are caused by greater injury at the epieardial .surface than at the 
endocardial surface; that is, by a greater subnormal change in polariza- 
tion on regression (or on accession, in the case of blocking) at the former 
than at the latter surface. The subnormal changes in polarization bc- 
tiveen the two surfaces are immaterial. 

Prequentl}^ the early QRS changes wliich are regarded as cliaraeler- 
istie of infarction partially disappear. The disappearance i.s ascribed 
to diminution in the size of the injured zone, or, more properly, to the 
resulting increase in the strength of electrical forces whicli were pre- 
viously weak during accession of the injured zone. The subsequent and 
often greatly delayed disappearance of the primary T-wave changes is 
ascribed to diminution in the size of the ischemic zone, a change which 
apparently depends upon further improvement in the local circulalion. 
The subendocardial lamina of the damaged region (Pig. 4) is intimatel.v 
associated with the Purkinje fibers within it. Consequently, accession 
of the lamina is insured, and this is an event which might be expected to 
produce a minute positive deflection at the onset of QRS in unipolar 
leads obtained by placing the exploring electrode superjacent to the in- 
farct Actually, minute positive deflections of the kind herein antici- 
pated have been observed,^^ and their significance has hitherto been 
sidered uncertain. A potential of this small order of magnitude 
ordinarily manifest m preeordial leads. In man and dog, the frequent 
nlir.! f 'f “'f™ ‘0 podnee apprecialito prolongation oi the QBS eon,. 

Lkl Sna “ “ 

lor aseribine 


eon- 
is not 


any of the RS-T junction effects to 


a migration toward the ventricular 
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eavitj' of potassium wliicli is supposedly released into the iuterstitinl 
spaces of the iiifareted region. If such a release aetuallv occnis ft 
migration should he outward rather than inward; that is,*!!! the fe. 
tion of the decreasing gradient of intramural pressure. A phenomenon 
of this land may help shape the injured zone into the confianration 
depicted in Fig. 4. On the other hand, the ahsoiption of piassium 
could then determine, in part, the rate of diminution of the injured zone. 

A NOTE ON THE RS-T JUNCTION DISPLACEI^IENTS AND SEQUEKri.U, 
T-WAVE CHANGES IN ANGINA PECTORIS 

The above described interpretation of the’ RS-T junction displace- 
ments and sequential T-wave changes caused hy infarction has the 
additional advantage of being readily applicable to changes of a sim- 
ilar kind ill curves recorded from certaui patients during and imme- 
diatelj'' after attacks of angina pectoris. The involved region of the 
ventricular wall may be regarded as consisting initially of a relatively 
large injured, and a relatively small ischemic, zone. The injured zone 
may then be further described by means of equipotential surfaces to 
indicate regions throughout any one of which the intensity of polarization 
is everywhere the same during systole, and by lines, indicating the direc- 
tion along which the gradient of intensity of polarization increases most 
rapidly. These lines must commence at the point or points where the 
temporary deprivation of blood supply is greatest, and must end upon 
the inner surface of the semiperifocal isehenue zone, and upon the neigh- 
boring epicardium, and they must cut all encountered equipotential sur- 
faces at right angles. 

If one excludes the QRS changes ■which result from an alteration of 
position of the ventricular ■walls, or from an alteration in the manner 
of ventricular stimulation, those which appear during the anginal at- 
tack may’’ be ascribed to the absence durmg accession of electrical 
forces which ’svere previously present ■within the injured zone. As the 
injured zone diminishes and vanishes and the RS-T junction displace- 
ments concurrently disappear, the QRS changes likewise vauisln lu a 
maimer altogether similar to that described for infarction, the 
tion of the injured zone contributes to the iinvard expansion o 
ischemic zone. As each unit of muscle recovers from the injuie^ s a e 
it presumably jiasses into the ischemic state, for, 
muscle, the subnormal change of polarization ■which ^ uw]-- 

during regression (or during accession if the case is one o . i 

ing) later becomes normal ; whereas, there remains ■^i it nn 
region a tardy onset of repolarization (ischemic state). are 

example of the serial electrocardiographic abnoima i r 

ascribed to these changes is depicted in a figure recently p 
Wilson and Johnston. 


13 


There is little doubt that the appearance in 
junction displacements and the primal y T'ua^ve 


sequence of the RS-T 


changes reflects a 
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fundamental law of dynamics of the g 

ply. Until the pressure within the smaller subdiY • 

cimilation falls below that in the Ycntncnlar ‘ ^ 

local coronary obstruction, irrigation across the ‘ ^ ‘ 

cannot take place. Irrigation of this kind from the 
is necessarily confined strictly to the damaged region J P 

sure gradients elsewhere are essentially normal. Morcovei, niigat o 
from the ventricular cavity is probably limited primarily to the sp ij gim 
period of systole, at least with lesser grades of local coronaiy ob.struc. 
tion. So far as the extremity leads are concerned, the electrical effects 
are adequately described by the development and the decay of the 
spatial axis of injury -i, and by the sequential diversion and reversion 

of the gradient Aqrst-® 


a note on the effects on the rs-t junction and t wave op 

PERICARDITIS ASSOCIATED AVITH RECENT INIMRCTION 


There liaA'^e recentlj'' appeared several admirable attempts’''’'’ lo re- 
late certain of the RS-T junction changes Avhich occur with recent 
infarction to an associated iieriearditis. Because of the complex nature 
of the problem, empirical as Avell as experimental studies are lilvcly to 
lead to confusing results udiich ai'e difficult to interpret and arc of 
doubtful significance. Howei'er, clinical, experimental, and theoretical 
observations appear to be in agreement Avith the folloAving comments. 
When there is a large, recent, transmural infarct of a region of the 
Avail of the left ventricle Avhich does not involve the apex, and Avhen 
the associated RS-T junction displacements are concordant and posi- 
tive in the extremity leads, the disiilacemenls must be ascribed chiefly 
to diffuse pericarditis involAung the subepicardial muscle layer. If the 
specified variety of infarct has an apical location, RS-T junction displace- 
ments of the kind indicated must be ascribed to the semiperifocal zone 


of injury of the infarct, and not to a diffuse or local pericarditis. The 
epieardium over a transmural infarct is .supported only by dead muscle 
Avhich extends inAvard to the liiung subendocardial muscle layer, and, 
under the circumstances, the subepicardial reaction is electrically nil. 
In general, there is no sound clinical, experimental, or theoreticai rea- 
son Avhy any electrocardiographic changes should be ascribed to the 
strictly local pericarditis of a transmural infarct. If there is local 
pericarditis in the absence of an infarct, or, if a subendocardial infarct 
IS present alone in^ the same general location, the RS-T junction dis- 
p acements are similar. If a subendocardial infarct is associated ivith 
a superjacent pericarditis, the RS-T junction effects are cumuIatiA'e 
For any one of the three lesions, namely, a recent subendocardial in-' 
arct, a recent transmural infarct, and recent local pericarditis the 
factor Avhich determines whether the RS-T junction displacements Avill 

tT„ro?re 
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The ES-T junction displacements caused by early diffuse pericarditis 
tend to obscure temporarily those produced by a recent “anterior 
infarct ; this statement should hold true in particular for the esophac- 
eal leads. The RS-T junction displacements caused by early diffuse 
pericarditis^ tend to obscure temporarily those produced by a recent 
'‘posterior infarct,” especially in the preeordial leads. A recent local 
peiieaiditis and a recent infarct which are located diametrically across 
the ventricles from one another tend to produce RS-T junction dis- 
placements which are inverse in the extremity leads and may thus 
nullify each other. 

In uncomplicated diffuse pei’iearditis, the primary T-ivave changes 
consist of concordant inversion. These are reasonably ascribed to the 
fact that the injured subepicardial zone subsequently acts as if it were 
ischemic. Intense, apical ischemia may produce the same kind of 
T-wave change, except that the Q-T interval tends to be prolonged.*^ 
However, to state that such T-wave changes are caused by extensive 
infarction’^® is both misleading and theoretically unsound. The asso- 
ciation of such T-wave changes with the QRS changes caused by a 
small apical infarct -suggests that the ischemic zone which produces 
the T-wave changes is semipterifocal with respect to the dead zone of 
infarct. If, on the other hand, the QRS changes are diagnostic of in- 
farction in a location other than the apex, the specified T-wave changes 
are best regarded as indicative of the additional presence of apical 
ischemia or late diffuse pericarditis. 


SUMMARY 


1. There is a current difference of opinion regarding the interpreta- 
tion to he placed upon the BS-T junction displacements caused by 
myocardial infarction. 

2. When an electrical situation similar to that which exists with cei- 
tain varieties of direct subepicardial damage is applied to the oidiiiaij 
varieties of infarction, according to the laws which determine the ov 
of electric currents in homogeneous vmlume conductors, the pie ic e 
electrocardiographic effects prove to be the inverse of those v jc i 
are known to occur clinically and experimentally in association i 

infarction. ^ n f 

3. Inasmuch as these laws have been shown to apply to pio ems o 

the kind herein considered with sufficient accuracy to ® . 

appeared highly probable that the electrical situations 

damage and by infarction, although fundamentally similar, 
considerably in pattern detail. _ 

4. A summary of the pathologic changes is presented Sroeardio- 
the requirements deduced from a critical ana ysis o i ^ j.gason- 
graphic changes associated with infaretioii. le a , ^ ‘j j 
able definition of the source and sink distribution of the electrical 
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of injury and of the neighhoring zone of ischemia which are associated 

with infarction. Moreover, an explanation T ,,,ve 

qnence of the KS-T junction displacements and the pii c > ‘ 

changes is regarded as an integral part of the f ‘^3 

relationship, together with heretofore unexplained QRS changes i 
thus accounted for incidentally. The RS-T junction disp acemeiUs in 
the extremity leads are regarded as the result of the c e\ c opmim a 
subsequent decay of the spatial axis of injury -1. The primary T-wave 
changes have been ascribed elsewhere to a diversion and subsoquoiit 
reversion of the spatial gradient of duration of the excited ventricular 
state. In general, the injured zone caused by recent infarction is peri- 
focal or semiperifocal with respect to the dead zone, depending upon 
whether the infarct is essentially subendocardial or transmural. The 
ischemic zone is at first small and semiperifocal with respect to the 
injured zone. Later, as the injured zone diminish6s in the diieetion 
of the dead zone and finally disappears, the iscliemic zone necessarily 
undergoes an inward expansion and becomes directly perifocal with 
respect to the dead zone of a subendocardial infarct, or directly semi- 
perifocal with respect to the dead zone of a transmural infarct. The 
changes are ascribed chiefly to improvement in the local circulation. 

5. The explanation offered for the RS-T junction displacements and 
the sequential occurrence of T-wave changes as a result of infarction 
has the additional advantage of being directly applicable to similar but 
more transient serial changes which are observed in certain patients 
during and immediately after an attack of angina pectoris, 

6. A summary of certain electrocardiographic interpretations is pre- 
sented which is regarded as tentatively acceptable for curves that re- 
flect the complex combination of infarction and pericarditis. 
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ADDENDUM 

While this article was in press, a report^® of two eases of recent sub- 
endocardial infarction appeared. Because the extremity leads showed 
no ES-T junction displacements ascribable to injury, the infarcts wei-e 
diagnosed as (and found to be) subendocardial. According to the ma- 
terial herein presented, this electrocardiographic feature is regarded 
as an indication that the infarct may be strictly anterior or posterior. 
The spatial axis of injury -i, therefore, lies normal to the frontal plane 
of the body, and its projection upon the reference axes is zero. The 
remaining possibility is that the difference in the subnormal change 
of polarization at the epieardial and the endocardial surfaces is zero. 
Because the dead zone of infarction fails to involve the subepicardial 
muscle is not regarded as sufficient evidence for the diagnosis of sub- 
endocardial infarction. I have personally observed early anterolateral, 
as well as diaphragmatic, ventricular ■wall infarcts which produced 'the 
usual striking ES-T junction displacements and were subendocardial. 
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THE INFLUENCE OF THE INDlFFEliENT K'^CTIWI^^ 

THE PBECOEMAL F.LECTnOCAKDIOl.KA^l 
I. TiIK NoUIIAI. EuCCTKOCAKnlOOUAM 

Haks H. Heciit, Ei^oisi;, :MTcn. 

'X'HE Committee of the Amcneaii Heart Assoeialiou on the Stumlaul- 
i ization of precordial leads’ has left rmaiiswcred the cpiostion whether 
the position of the indifferent electrode has any bearing on the form 
of the precordial electrocardiogram, and did not decide which position 
is most desirable when recording chest leads. Various points on the 
hodj'^ surface distant from the heai't have been suggested pre\iouslj 
as sites for the indifferent electrode (back, loft arm, right arm, left 
foot, and others), and a number of studies bearing on their suitability 
have been carried out.-'”^ The work done thus far has not. eonelusively 



while the precordial cleetrode remains in place. 

Every electrocardiogram represents the resultant of the potential 
variations beneath the two recording electrodes, wherever they may be. 
This is true regardless of whether the. elcetrode.s are tlio apices of an 
equilateral triangle (standard limb leads) or whether one of them is 
in immediate contact with the heart (direct loads) or in the jirocordial 
region (semidiroct leads). The potential difi'crences in the immediate 
vicinity of the heart arc considerably larger tlinii those at a distance 
from it.” Consequently, Avlion one electrode is placed very close to tlie 
heart or in contact witli it. the position of the second electrode is of 
little importance as long as it i.s far from Die heart. In loads from the 
chest wall, however, the potential variations of the ex])lorimg electrode 
are much smaller than in direct leads, whereas the potential variations 
of the distant electrode remain unchanged. Consequently, the distant 
electrode has a much greater influence ui)on the preeordinl electro- 
cardiogram than upon the cnrvc.s obtained by direct loads. The influ- 
ence of the potential variations of the distant, electrode upon the i)re- 
cordial electrocardiogram has occasionally been disregarded. The re- 
lations between the different kinds of cliest leads in common use are 
illustrated in Pig. 1. 

To elimmafc the influmco oT the distant olcctrodc upon tho 
cOTdial electrocai'diogram, Wilson .and his associates’* stibslilnlcd for 
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a single electrode o£ this kind a "central terminal.” connected simcl 
taneonsly to electrodes on the right arm, left arm, and left leg Matlie 
matieal ealcnlations, based on the theory of the equilateral tmnelc 
and experiments on animals and men have shoAvn that the latter raider' 
goes no large potential variations at any time during the cardiac 
cycled®’ It IS held that electrocardiograms taken in this ivay repre- 
sent the potential variations of a single electrode, namely, the explor- 
ing electrode on the preeordium. The connections used are illustrated 
in Fig. 1, D. 



Fig. 1. — L - R represents Lead I, F - R, Lead II, F - L, Lead III. 

In A: C - R are chest leads, using right arm as indifferent electrode. 

In n .* O - L are chest leads paired with left arm. 

In C: O - P precordial leads with left leg as distant electrode. 

In D: G- (R+L+F) are chest leads using Wilson’s central terminal as second elec- 
trode. According to Wilson, Barker, and MacLeod R+L+F = <?, if the heart is as- 
sumed to be the center of an equilateral triangle. 


The differences between precordial eleetroeardiograms taken ivitli 
different distant electrodes must depend upon the algebraic magnitude 
of the potential variations at the extremity upon which the “indiffer- 
ent” or reference electrode is placed. Either calculation or actual 
recording of these extremity potentials is necessary in order to demon- 
strate their influence upon precordial leads. Both methods have been 
used. Recently, Wolferth and Wood^'-* employed a method by which 
the influence of the indifferent electrode may be calculated from the 
standard limb leads. Wilson, Macleod, and Barker*’^ have expressed 
the extremity potentials in terms of the electrocardiographic deflections 
of these same leads : 

Vp (the potential of the left foot) = Lead II + Eea dlH^ 

3 

Vr. (the potential of the left arm) = Lead I^ LeadjlL, 

Vr (the potential of the right arm) = - Lead F i^ Lead III _. 


Using these formulas, Wilson and his collahorators==^ and ^oss^ 
and Rader^® have, by calculation, freed their records ® i 
of the distant electrode. With the introduction of® ^ ilm'-nolar 
inal” it became possible to record the potentials direct y. ^ 
limb leads of this kind have been mentioned „ot 

importance in the solution of eleetroeardiogiap ic pio 1 

been generally recognized. Their value in estimating the position 
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movements anrUithvai-y,” and lately by Wilson, 

Kossmann and Johnston, and 

Johnston, Cotrhn, and Rosenbaum."'' rlpnmids of 

The aeenracy of these vecovds of extremity 1“*™ ' 
course, on the assumption that the ‘f '“'X 

trai electrode, i.e., does not undergo appreemble '^Xf 

It has been pointed out that even though the sum of the potcntn _s 
L tLl eiemities, v'hen they are conneeted to Rm co^mmd 
may not always be zero, nevertheless the potential variations of the 
'‘central terminal” must he very small compared to Uiose of any of 
the extremities alone.^® Experiments by Eekey and Prohlich have 
shown that this conclusion is valid, and, in tlie case of normal subjects, 
the greatest potential variations of the “central terminal do not ex- 
ceed 0.3 mv. at any time during the QRS interval. For practical pur- 
poses, then, the “central terminal” may be regarded as neutral, and 
records taken with it represent a close approximation of the potential 
variations of the single electrode with wdiicli it is paired. A right 
arm— “central terminal” lead, for instance, records the potential vari- 
ations of the right arm alone. It was thought that, by recording the 
standard limb leads, the extremity potentials (unipolar limb leads), 
and a number of precordial leads, the influence of the indifferent elec- 
trode upon the preeordial electrocardiogram in leads CR, CL, and CP 
might be studied more satisfactorily than by any other method. 

MATERIiM. AND METHOD 

Twenty normal persons (nurses, interns, attendants, draftees, and a few non* 
cardiac patients from the hospital) were examined in this way, and the results 
have been analyzed and tabulated. All of the electrocardiograms which wore 
obtained were normal. The subjects ranged in age from 11 to 62 years (average, 
35 years). The tracings were recorded at 25 mm./sec. (standard speed), using a 
three-beam Sanborn electrocardiograph. Lead I was recorded simultaneously 
with each of the other leads. All tracings were taken witli the subjects recum- 
bent and relaxed. Thirty different leads wore taken on each subject, as follows: 
(1) Three standard limb leads (0.1 mv. = mm). (2) Three extremity potentials 
(unipolar limb leads); the electrodes on the right arm, left arm, and left foot, 
respectively, were paired in turn with the “central terminal" in such a manner 
that an upward deflection of the string represented positivity of the extremity 
electrode (left arm wire on extremity electrode, selector switch in Lead I posi- 
tion). The deflections thus obtained are, on the average, about one half as large 
as deflections usually are in standard limb leads. The records were therefore 
taken with the electrocardiograph at twice the normal sensitivity (0 1 mv = 
2 mm). 

(3) Serial chest leads were recorded from the six points recommended by 
the Committee of the American Heart Association on precordial leads.i Unless 
otherwise stated, the electrocardiograph was used at normal sensitivity. While 
the preeordial electrode and the connecting wire remained in place the wire 

Z"T”, *: ealvanomete, e.nnoLTin ta J to 

the electrodes on the extremities and to the “central terminal." It would 

lave been desirable to add to these leads one from the precordium to the back 

bee.... Ob™, p,.»d the e,ee,„a" I toe left 
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scapular region. This was not done because it was thought undesirable to liavti 
the patient change his position. Possible effects of changes in position upon 
the position of the heart and upon the exploring electrode were thus avoided. 
Spontaneous changes in the electrocardiogram were ruled out by examining Lead 
I, which was always taken simultaneously with the other leads. Movements of 
the exploring electrode were avoided by using a special precordial electrode 
of the suction type.* 




I I ; ; 


r ^ I • ‘ ! ' ' • ' J.0 

F.f. 2.-TO conserve space onlv 3 pre«.rtian» 

reproduced (E., Ea, extremity potentials (2N/sens.). 


reproduced (E., E. Ec). ^iss J U ^extremW potentials ( 2 N/sens.). 

Top row: standard leads (Is/s -). right sternal border. N 

2nd row: leads from 4th ^ntf cos^VkedU'^^^^^^^^^ ! Ll left mld- 

T in CB (negative T in In) a c between left sternal border ond 

’’ Tth'row; load, trora Cra'L” 

voltlse for all a.Ileolions m OB, and veW 
Load I staultaneously, chest 
-^pfaclured hy the Nichols Chase Oompan,. Delr 
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The electrode was 1% inches in diameter. The suction was strong enough to 
keep the electrode in position as long as necessary, and its pressure was con- 
stant at all times. It was found that better contact was maintained with this 
type of exploring electrode by using an electrode jelly which did not contain 
the powdered pumice that is usually present in commerical preparations. 

The “central terminal" was arranged as follows; Each extremitj' electrode 
was connected to an insulated wire of suitable length. Tlio other end of each 
wire was soldered to one terminal of a 5000-ohm resistor. The unused terminals 
of the resistors wmre then soldered to a w'ire which was connected to the proper 

terminal of the electrocavdiograph.rs 
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results 


1. QRS complex,-In normal subjects the unipolar right arm 
(Vn) displays, during the QES interval, a large doivnwL 

sultant QES complex somewhat resembles that obtained from the riglu 





I'll 


y ■\jn; 




K -F. 



Fig. 4. — To conserve space only 3 of the 6 precordial leads are reproduced (Vi, 
Vs, Ve). Dr. B. Sh., 29 years of a&e. Tendency to pght axis devmuon. 

Top row: standard leads (N/sens.), extremi^ potentials inverted 

2nd row: leads from 4th intercostal space at nsht in OF for ell 

P and large S in OF (positive P and large R in Er). High amplitude in UI< lor 

deflections, low voltage in OR. , ^nri midclavicular 

3rd row: leads from 5th rib midway between left sternal border 

4th row: leads from 7th rib in left midaxillan' Rn^ iimp'Rudes 

for QRS in OF, with relatively large R waves (high R in Er). largest am 

in OR. Absent S in CL (large S in Ex,). . nntnhinp- of ORS in CLu CD- 

Broad top of 8 waves in Vl results m slurring and notching ot QRb 

and GZio. , x , 

Dead I simultaneously, chest leads at N/sens. 



hecht: influence of I^WFKRI=NT eeectkode on pkkcordiae 535 

side of the precordium (Leads V„ V,), or that obtained in experiments 
on animals by leading from the ventricular cavities; the attachment o 
the right arm to the trunlc is opposite the large valvular openings at the 
base of the heart, so that the negativity of the veiitricular cavities is 

reflected to the extremity. The uniformity of ^ ” 

is apparent from the figures given in Table I. The QRS_ Pattein o 
the left arm (Vl) and left leg (Yp) leads is much more variable. This 
was noted before by Kossmann and Johnston.*^ In our series of 2 
cases, R varied in from 0.03 mv. to 0.47 mv., and QS (the largest 
doAvnward .deflection— either Q wave or S wave), from 0.01 mv. to 
0.56 mv.; R varied in Vp from 0.15 mv. to 1.12 mv., and QS from 0 
to 0.15 mv. If, in extremity potentials, downward deflections represent 
the negativity of the endocardial surface or the ventricular cavities, 
upward deflections reflect the positivity of the epicardial ventricular 
surface.^® The largest upward deflection is found in the lead from 
that extremity which best reflects the positivity of the epicardial sur- 
face of the heart, particularly of the left yentricnlar wall. In left 
axis deviation large R wai’es occur in Lead Vl, indicating that in this 
case the potentials of the left ventricular surface are transmitted to 
the left arm. In right axis deviation the left ventricular surface seems 
to face more toward the legs, and this would favor tlie appearance of 
large R waves in Yp. Marked left or right axis deviation is not 
observed in normal subjects, but normal curves often show features 
of the one or the other ("right types’’ and "left types’’).*® The 
twenty normal subjects were divided into three different groups, as 
folloAvs; 8 who showed a tendency to right axis deviation (a 90°), 
8 who had no axis deviation (« '-' 60°), and 4 who liad a tendency to- 
ward left axis deviation (a 30°). As shown in Table I, the subjects 
in group a 90° displayed large R waves in Vp, and ventricular com- 
plexes characterized by large negative deflections in Leads Vr and Yr. 
This suggests that the negativity of the base of the heart and the ven- 
tricular cavities is transmitted to both the right and the left arm when 
the heart is in a vertical position. The positivity of the epicardial sur- 
face of the left ventricle, on the other hand, is transmitted to the left 
leg (Pig. 5). In the group « ~ .30°, large R waves occurred in Lead 

Table I 

The Ventricular Deflection in Extremity Potentiais* 

(IN TENTHS OP MV.) 


Group a • 
Group a ■ 
Group a . 
Total 



Vr 

Ei. 

Vr 


R 

QS 

T 

RS 

R 

QS 

T 

RS 

K 

QS 

T 

30° 

60° 

90° 

6.94 

4.42 

5.92 

5.76 

0.96 

0.42 

1.01 

0.80 

4.06 

2.69 

3.60 

3.45 

- 2.07 

- 1.28 

-1.28 

-1.53 

4.54 

2.60 

4.06 

3.93 

2.55 

1.03 

0.09 

1.42 

0.42 

0.37 

2.41 

1.07 

1.39 

0.43 

0.51 

0.78 

4.24 

4.34 

7.76 

5.45 

1.91 

2.42 

5.46 

3.26 

077^ 

0.70 

0.70 

n.7.6 

0.97 

1.03 

1.14 

1 
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Vl, which suggests that m this ease the potentials of the left ventricular 
surface were transmitted to the left arm (Table I). As regards the 
average size of R in Leads Vx, and Vf, the group a 60° occupied an 
intermediate position. Although the different groups differed signifi- 
cantly with respect to the size of R and S in Leads Vl and Vf, the 
form of QRS in Vk was similar in all of them. 



JA. 


Iji- ' I 




' >,'1 IpldS SiTQ *' 

increase in total ampmua. f and rnUiclavicular line- narked 


diMc°es;in direction of P. and T jn ^ small 

"“a'f JiSu leaa. at N/a.a.- 
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Table II indicates that CB leads yield higher B tvaves 
leads, regardless of whether axis deviation ts or .s Bot Pre on I ‘ 
leads from the left side of the prceordinm (CB, and OB.), all t e 
flections which are tabulated (BS, E, and QS) were larger m OR than 
in the other leads. This Avas true of each of the three groups. T i 
’ potential of the right arm was negative throughout all but a small fi 
tion of the QRS interval. The potentials of the right side of the precor- 
dium were predominantly negative, whereas the potential of the left side 
was positive. For this reason, Leads ORj and CRo yielded smaller 
deflections, and Leads CR„ CR5, and CR„ yielded larger deflections, 
than the other chest leads. The average value of the total excursion 
of QRS in CRi was 1.290 mv., as compared to 1.449 niv. and 1.781 m^^ 
in Leads GL^ and CF^, respectively. Similar data were obtained in 
Leads CRn, CLu, and CFn. On the other hand, when the left foot elec- 
trode Avas used as reference point the deflections in leads from the left 
side of the precordium (CF„ CF^, and CPo) were much smaller tlian 
in CR or CL leads from the same region. The difference in QRS ex- 
cursion between CP and CR leads was least pronounced in cases in 
Avhich there Avas a tendency tOAvard left axis deviation and most marked 
when right axis deviation Avas present. The small R Avaves in Yr in 
group a 30° (Table I) had relatiA'^ely little influence upon the pre- 
cordial records, but the large R Avaves in Vf in groiAp a 90° had 
an important effect. As shoAvn in Table II, the average total QRS 
excursion in leads from the left midaxillary line Avere as folloAVs: 
group a 30°, 2.020 mv. in CR,,, 1.463 mv, in CLo, and 1.280 niA\ in 
OPg; group a ~ 90°, 2.029 niA'. in CRu, 1.547 mv. in CLc, and only 
0.856 mv, in CPe. On the average, the total QRS excursion in leads 
from the left side of the precordium in tliis last group Avas less than 
half as large in CP leads as in CR leads. These relations A\’’ere reversed 
in leads from the right side of the precordium and near the base of 
the heart (CP^, CPu). Since the QRS deflections in Yj, leads are usu- 
ally intermediate in form betAveen those in Lead Vk and in Lead Vp, 
CL leads are likeAvise intermediate betAveen CR and CP leads as re- 
gards the form of QRS; this Avas not the case in group a — ^ 30°, in 
Avhich slight left axis deAuation Avas present. In this group Yl dis- 
played large R waves Avhich distorted the precordial electrocardio- 
gram in CL leads in the same Avay as the large R Avaves of Lead Yf 
distorted these curAms in group a 90° (Table 11) . 

When Wilson’s central teminal (OT) was nsed as the reference point 
pteeordial entves of essentially the same kind were obtained in all 

wTITof'er ^ , « ~ 60°, . - 90”) (Table 11). This indicates 
that a shift of the electrical axis has practically no influence on the 

SiTslit b this Avay 

This has been pointed out previously .==<= The individual deflections 

Aer reached their largest or smallest size, and the QRS group never 
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Table II 


The Initial Ventricular Deflection in Deecordial Leads* 
(IN tenths op millivolt) 






R 

QS 

V 

a 






CR 

CL 

CP 

CT 

CR 

CL 

CF 

CT 

* 1 


13.33 

14.62 

14.68 

14.10 

4.50 

3.50 

2.95 

4.00 

6.95 


q 

Q QO 




11.57 

15.90 

17.50 

14.56 

3.38 

2.44 

2.40 

2.46 

6.88 


[Eli9 

ifiBU 




13.81 

12.85 

21.24 

14.85 

4.25 

3.26 

3.95 

3.48 

7.45 

7.59 

15.88 

13m 

xotai 

12.90 

14.49 

17.81 

14.47 

4.04 

3.09 

3.11 

3.30 

7.09 

9.85 

12.80 

9,00 


a 


18.83 

18.88 

19.60 

18.10 

9.32 

4.52 

5.02 

5.62 

8.60 

13.93 

12.31 

10.92 


a 


16.49 

20.10 

20.60 

18.35 

4.86 

4.18 

3.76 

4.14 

10.34 

14.10 

15.36 

12.73 


a 


21.08 

19.85 

28.65 

23.85 

5.94 

4.86 

5.54 

5.50 

12.86 

12.60 

19.38 

16.08 

Total 

18.80 

19.61 

22.25 

20.10 

6.71 

4.49 

4.77 

5.09 

10.53 

13.54 

15.68 

13.24 

V. 

a 

^30° 

19.23 

16.44 

14.18 

18.40 

9.02 

5.40 

5.62 

7.22 

7.54 

9.53 

8.38 

8.84 


a 

60° 

18.00 

17.08 

16.35 

17.94 

8.48 

5.55 

5.00 

6.17 

7.61 

9.78 

9.53 

9.64 


a 

^90° 

19.40 

16.90 

26.42 

20.40 

7.30 

5.40 

6.94 

6.37 

10.91 

9.10 

17.00 

12.72 

Total 

18.88 

16.81 

18.98 

18.91 

8.23 

5.45 

5.85 

6.59 

8.69 

9.47 

11.64 

10.40 


a 

^30° 

22.48 

18.08 

17.85 

17.00 

15.00 

8.98 

10.72 

12.78 

4.28 

4.68 

4.63 

4.28 


a 

^60° 

20.95 

18.48 

16.70 

17.85 

13.35 

10.12 

9.46 

10.70 

5.50 

5.98 

6.35 

5.12 


a 

.-^90° 

25.54 

20.45 

18.62 

20.04 

17.08 

14.12 

6.97 

12.61 

6.00 

3.82 

9.28 

5.74 

• Total 

22.10 

19.10 

17.72 

18.30 

15.14 

11.07 

9.05 

12.03 

5.26 

4.83 

6.75 

5.05 


•'ff 

^30° 

25.08 

17.60 

18.30 

20.35 

19.65 

12.81 

13.70 

15.63 

2.50 

2.03 

2.10 

2.55 


a 

.-^60° 

21.20 

17.55 

13.95 

17.71 

17.08 

13.25 

10.22 

13.72 

2.11 

2.22 

1.54 

2.00 


a 

^90° 

24.90 

20.43 

14.20 

19.00 

21.35 

17.96 

8.41 

15.38 

3.13 

1.61 

2.88 

2.88 

-Total 

23.73 

18.53 

15.48 

19.02 

19.36 

14.67 

10.78 

14.91 

2.91 

1.95 

2.17 

2.48 


■ d 


mM 

14.63 


Eu 

15.53 




2.23 

2.07 

1.33 

1.85 

a 


18.42 



14.81 

15.12 

11.28 

7.32 

MWOl 

1.25 

1.00 

1.07 

1.01 


<x 


22.24 



15.82 

17.85 

15.31 

4.12 

11.94 

2.46 

1.35 

1.43 

1.43 

Total 

20.29 

15.47 

10.63 

15.64 

12.83 

12.23 

6.87 

11.78 

1.98 

1.47 

1.28 

1.43 


*See footnote Table I. 


showed its largest or smallest excursion in the central terminal leads, 
but always in leads in which the distant electrode was on one of the 
extremities. Considering the small number of samples, Table III shows 
a close agreement between the mean values of the sums of the heights 
of the deflections in CR, CL, and CF leads, divided by three, and the 
mean heights of the corresponding deflections in the leads obtained 
with the central terminal. Since the potential of the central teimi- 
nal is necessarily at all times the mean potential of the tlnee extiemitj 
electrodes, this result is predictable on theoretical grounds. 


Table III 


Comparison op Values for Initial Ventricular Defmchon m 
When a ‘'Central Terminai,” Is Used, With 

FOR Electrodes on Left Arm, Right Arm, and Left 1 oot 


j 

1 

RS 

R 

QS 

CR + CL + CP CENTRAL 

3 tekjiinal 

CR -I CL -I CP CENTRAL 

CR -f CL + CP CENTRAL 

3 terjhnal I 


w 

V, 

v; 

V, 

V. 

v„ 

15.67 14.47 

20.33 20.10 

16.22 18.91 

19.61 18.30 

19.25 19.02 

15,46 15.64 

3l8 3:3b 

4.99 5.09 

6.51 <3.59 

1 11.75 12.03 

14.60 14.91 

10.61 11.78 

,?:S 1“ 

10.37 

1 c fil y.Os 

2.01 “.48 

1.58 — 
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2. P waves.-The mean electrical axis of the 

flection is less variable than the mean electrical axis of the QRS com- 
plex, and no pronounced variations in the form of the P wave were 
encountered in the present series. This deflection was always 
in the standard limb leads, always inverted in Vk, and always upii gilt 
in Vp. High, positive P ivaves occurred in all preeordial leads when 
the indifferent electrode was on the right arm. Flat or inverted 1 
waves were the rule in OF leads. When the central terminal or 
the left arm was the reference point, intermediate values for the P 
wave were obtained ; in the present series of normal subjects the aver- 
age height of the P deflection in Lead CRfi was 0.149 mv., in Lead CL^ 
it was 0.072 mv., in Lead CF„, minus 0.004 mv., and, in Lead (cen- 
tral terminal), 0.076 mv. Isoeleetrie P waves were noted in one case 
when the central terminal was used as the reference point, in 2 cases 
when the left arm was so used, and in 8 cases when the left leg was 
used as the reference point. Inverted P waves were present only in 
OF leads, and occurred in these leads in 6 subjects. In only 6 in- 
stances (30 per cent) were positive P waves encountered in Lead CFg. 

3. T waves. — Uniformity in the position of the mean electrical axis 
of T is a striking characteristic of the normal electrocardiogram. 
Slight shifts to the right, which are often noted in the mean axis of 
QRS, do not occur in the axis of T in normal subjects. Inversion of 
the T wave in Lead I is, in other words, distinctly abnormal. Moderate 
shifts to the left are occasionally encountered (inverted T waves in 
Lead III). The normal T-wave pattern in the unipolar limb leads 
(extremity potentials) is similar to the normal pattern of the auricular 
deflection; tlie T wave is uniformly doirnward in Vn and uniformly 
upright in Vp (Table I). Large positive T waves are seen in OR leads, 
whereas flat T waves are the rule in OF leads. The height of the T 
wave in CL leads depends on the magnitude and direction of T in 
Lead Vj,. Since T in this lead is usually upright, the T wave in CL 
leads tends to resemble that of the CP leads. Whatever connection was 
used, the T waves were upright in most of the precordial leads which 
were taken. Inverted T waves were present eight times in Lead CFj 
and seven times in Lead CL„ but inverted T waves were never seen in 
CRi. Diphasic T waves were present three times in Leads CP, and CL 
and once in Lead V, (central terminal). In normal subjects with a 
tendency toward left axis deviation of the QRS complex, the mean axis 
of T also tends to shift slightly to the left. The largest T waves in 
Lead Vx. occurred 111 the group « - 30° (Table I), whereas the two 
other groups (« ~ 60°, . ~ 90°) showed high T waves only in Lead Vp 

DISCUSSION 

Although the influenee of the uositinn n-f 

t.e electee JioS " tZt 

-y stolnng, n sisniflcant enough to wrant oateW 
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Tlwt tlie potential variatioiis of the extremity ivhich is used as tl,e 
reference point are responsible for distortion of the precorclial deetm 
eardiop-am is to be expected. Their influence can be demonstalcd hr 
recording them directly by means of unipolar limb leads (extremity 
potentials). The distortion is most pronoiuieed when the extremity 
used as the reference point is the one wliich displays tlie largest poteii- 
tial variations. The extremity which is least desirable as a reference 
point varies from subject to subject with the average direction of tlie 
electromotive force produced by the heart. Unipolar leads fi-om tlie 
left arm show large deflections when left axis deviation is present 
(a —"30°). The potential variations of the left leg are large when the 
electrical axis is nearly vertical (« ~ 90°). The potential variations 
of the right arm are much more uniform in normal subjects than those 
of the other extremities. In many'- respects they resemble those which 
have been recorded from the ventricular cavities in animal experiments. 
They are not greatly influenced by axis deviation unless it is extreme. 
Consequently, if the right arm is used as the reference point in record- 
ing preeordial leads from normal subjects, the results are much more 
uniform than when the left arm or the left leg is employed. SMee the 
largest deflections are dovmward Avhen the exploring electrode is placed 
on the right arm (Lead Vr), the potential variations of this extremity 
are of a kind wdiich tends to produce upward deflections when this 
electrode is shifted to the chest and the indifferent electrode is placed 
on the right arm. The nniformly negative potential of the right arm 
during the greater part of the QES interval must increase the height 
of the deflection in OR leads, which represent positivity of the pre- 
cordinm. The R -waves of these leads are, for this reason, unusually 
large as compared to the R waves of other chest leads. This is shown 
in Table II; it has been stressed by many recent investigators." ^ 
The fact was known to Einthoven and de Lint-' as early as 1900, i.e., 
before the introduction of the string galvanometer ! However, it has 
not been suffieiently emphasized that the increased size of R nndei 
these circumstances is the result of a summation of the effects of t le 
heart upon the potentials of two electrodes (precordial and right aim . 
The argument that CR leads ai’e best because they yield the ai ges 
deflections is not sound, for it can he clearly demonstrated tia le 
increased height of the deflection's is caused by the laige nCcC 
potentials of the right arm electrode. For similar reasons 
be expected that the left leg, Avhieh is so commonly use as 
point, gives more accurate results than any other propose conn 
The high R waves in Vp (Table I) will produce deep ' ^ g 

subtract from R waves in OF leads for the same reason 
deflections hi Lead Yr tend to produce high R waves ‘"I' ^ 

S waves in CR leads. Here again we are dealing ® ‘ 

effects, with a distortion of the preeordial electrocar ^ ° ‘ Qp 

II indicates that deflections in apical leads ^ ^.ai-jations 

than in CR, CL, or central terminal leads. The potential laiia 
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of the apical region and those of the loft leg arc similar when tlie 
electrical axis is in an approximately vertical position, as is commonly 
the case in normal subjects, relative to the ])otcniial variations of the 
left ventricular surface. The combination of apex — ^Icft leg is thci'c- 
fore really an “unfavorable lead” in Waller’s sense. The popular IV I'’ 
lead belongs to this group. 

X K z 

m: 



X . ,, 





'A. 

^^■4 CP^ 




z 


JrA-H 



Fig 6 

y--- Note «„„t 
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_ Our discussion has been confined to general gross effects, but the 

electrode may make itself felt even in details 
of the QES group.^ A large Q wave in Lead Vp wiU add to the as- 
cending limb of E in precordial leads and subtract from preeordial Q 
waves if the left leg is used as reference point (Fig. 6) ; it may even 
cause a slight notch in the E wave. Large S waves in Vp ‘'vill diminish 
the ^ S waves in CP leads, etc. By recording the extremity potential 
variations the influence of the reference electrode can nearly always 
be predicted in considerable detail. 


The same rules apply, of eourse;;_to the configuration of the auricular 
deflection. A strongly negative P wave was always present in Lead 
Ve. When the polarity is reversed and the exploring electrode on the 
arm is replaced by the reference electrode, the effect is to increase the 
size of the auricular deflection in pimeordial leads. This explains why 
CE leads yield such ''good results” in the ease of the auricular de- 
flections. For similar reasons CP leads result in small, positive, iso- 
electric, or negative auricular deflections. Since P waves are largest 
in leads from the right side of the precordium and almost disappear 
when the exploring electrode is shifted toward the apex,*^’ CF leads 
have a strong tendency to display inverted P waves in leads from the 
left side of the precordium. The negative potentials of the leg Lead 
Vp is not opposed by a significantly positive precordial potential. 
Whether the P waves are positive, isoelecti’ie, or negative in CL leads 
depends again on the direction and magnitude of the P deflection in 
Lead Vl- Such leads resemble CE leads if P is negative in Lead Yt, 
and CP leads when it is upright in Vl- 
The influence of the reference electrode on the T wave of the normal 
preeordial electrocardiogram is rarelj’^ very conspicuous because a large 
positive T wave is an essential feature of the preeordial electrocardio- 
gram of normal adult subjects. Slight additions to, or subtractions 
from, this wave (distortions from the distant electrode) are of litt e 
significance. The position of the reference electrode is impoitant in 
leads from the extreme right side of the precordium, in whidi t 
waves are occasionally flat or inverted. The large positive ^ 

regularly encountered in Lead Vp cause inversion of the pieeoi la 
waves in Lead CF^ in almost half the cases. They are also responsi e 
for relatively flat T waves in Leads CPg and CPc- ^ B is eoneeiva i 
that an unusuaUy large T wave in Vf may cause a diphasic 
inverted T wave in Leads CP5 and CPe in normal suijee 
extreme case was not observed in our group, but it may we - 
inversion of T in Lead IVF in a normal person, wdiie 1 vas lep 


Sodeman.^® . . «p{ei- 

The conflicting reports concerning the relative men s o 

enee eleetrode point os mi- 

of t^-hat type of patients are to be examinea. Th 
eney to left axis deviation triU show gross distortion of h p 
eleetroeardiogram in OL leads; those with right axis de 
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show more dislortiou in CF leads. The last is tnic also of 

out axis deviation, as has been pointed oiit in a prcvions paiaj,!! l , 

and has been stressed by Deeds and Bavnes. ^ v i 

It is, of course, not feasible to asecriain the direction and 
of the potential variations of each of the extrcinitic.s in every indn u na 
patient, and then chose the best connection. With the introduction 
of the central terminal into elcetvocardiop-aphy tins has bcconio 
unnecessary. The central terminal shows little if any vnrmtioiis of 
potential, and the results obtained with it are relatively uniform. It is 
almost as simple to use as any other method, and the mntciiols neces- 
sary for its construction can be easily obtained. ■\Vhcthcv or not the 
potential of the central terminal is entirely unaffected by the heart 
beat is of little practical importance as long as its potential variations 
are negligiblj’’ small or markedly smaller and much more uniform than 
those of the extremities. That this is the case seems certain from the 
present studj’’, as well as from theoretical considerations*'* and the ex- 
periments of Eckey and Fvbhlich.^’* The distort ion caused by the refer- 
ence electrode may in exceptional cases bo helpful, and in such cases 
an electrode on one limb alone may be preferable to the central termi- 
nal. Chest leads are sometimes employed for better demonstration of 
the auricular deflections when the.se are masked oi* liardly detectable 
in the standard limb leads. For tliis purpose the right arm may serve 
better as the reference point than any otlmr extremity or the central 
terminal. 

When the purpose is to ascertain with greatest accuracy the form 
of the potential variation of the preeordinm, the central tei'minnl 
should be used as the reference point. 


.SUMMARY 


1. Standard limb leads, unipolar limb leads (extremity potentials), 
unipolar precordial leads, and prccordial loads of the CH, CL, and CF 
types were taken in a series of normal subjects. Analysis of the curvc.s 
thus obtained justifies the folloiving conclu.sions: 

2. The position of the reference electrode lias a considerable effect, 
upon the size and form of the normal prccordial electrocardiogram. 

3. The potential variations oi the left arm in CL leads and tlie in- 
fluence of the potential variation of the left leg in CF leads vary with 
the position of the mean electrical axis of P, QRS, and T. The dis- 

S' mid CF? le.ss than tliat in 

OL and CP leads, but is much more nniform in magnitude and in dnr-i- 

1 When a central terminal is employed, the di.slortion introdneod In- 
the 1 eference electrode is eliminated or reduced to a minimum. 

preramtTon of -Se-tioos in the 
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28. WHhout Other Evidence of Heart Disease, 



QTJINIDINE, “PURE QUINIDINE,” AND JIYDBOQUINIDINE 

I. Toxicity 

S. A. Weisman, M.D. 

Minneapolis, Minn. 

/COMMERCIAL quinidine is composed of about 80 per cent pvuc 
^ quinidine” and 20 per cent hydroquinidine. Tlie well-known effect 
of quinidine in cases of auricular fibrillation is, according to an ongen 
and Sanches,^’ ■ due to hydroquinidine. Tliese investigators have shown 
that hydroquinidine lengthens the refractory period and increases the 
auricular and auriculoventricular conduction time, and that pure 
quinidine ’ ’ does not have these effects, wiiicli means that it is more or less 

inert. 

We have been conducting a series of experiments on dogs to ascertain 
the comparative toxic and pharmacologic effects of quinidine, hydro- 
quinidine, and “pure quinidine.” Through the cooperation of Merck 
and Company, we were furnished with these preparations. However, the 
purest “pure quinidine” that we could obtain contained about 8 per cent 
hydroquinidine. 

Our first study was concerned with comparing the toxic effects of these 
drugs on dogs. The drugs were given intravenously in subletlial doses. 


Table I 

General Average Value of the Efect op the Three Quinidines on Blood 
Pressure, Pulse Bate and Bespiuatory Kate 


tijie 


Normal 


‘pure quinidine’ 


B.P. pulse respiu, 


commercial 

quinidine 


B.P. PULSE respiu. 


IIYBROQUINIDINE 


B.P. 


PULSE RESPIR. 


142 


154 


13 


13C 


164 


13 


151 


End of Q* injec- 
tion 

5 min. after 
15 min. after 
30 min. after 

1 hr. after 

2 hr. after 

3 hr. after 


38(13) 99 15 

34(5) 105 19 

40(4) 111 15 

66(3) 129 17 

96(2) 167 20 

|112(4) 166 13 

115(4) 138 20 

Death rate, 46.1% 


152 


18 


52(11) 100 14 


60(7) 93 13 

68(5) 120 14 

.94(4) 159 15 

112(5) 139 18 

132(7) 115 18 

Death rate, 18.2% 


94(7) 151 19 


127(3) 132 
114(5) 126 


17 

18 


|l28(6) 130 22 

147(5) 192 22 

155(2) 204 31 

Dentil rate, 0.0% 


rec^rdeT'^ experimental conditions, the exact time interval could not ahvays be 

into account^for"th?speciflc^time^^ateaV"^ hwnber of animals that have been taken 
*Q = Quinidine. 

sit:frf'Minne£tr''‘"’®"‘ Medicine and tiic Department of Pliarmacology, Univer- 

University°ot Minnesotm*^^ Srant from the Graduate Scliool, 

Works Progress Adnflnlsfr^tion" offlcdaf*pTOtecrNo personnel of 
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In previous studies we found that 45 mg. per Idlo of quinidiue vas a 
suhlethal dose.^ Comparable doses of hydroqniuidiue were used-\he 
amount was estimated on the basis of the fact that this drug composes 
about 20 per cent of the conuuercial product. A summary of these ex- 
periments is shown in Table I. 


COMMERCIAL QUINIDINE 


Eleven experiments were carried out with this drug. A suhlethal dose 
of 45 mg. per kilo of quinidine was used. There were two deaths, a 
mortality rate of 18.2 per cent. 



hydroquinidixe 

Seven experiments were done in this study. In oiilj one 
use the actual minimal lethal dose, 9 mg. per Id o, w uc i is - , 

of the lethal dose of quinidine. We increased tbe 
quinidine to 20 mg. per kilo. Tins amount, leoie 
suhlethal dose. There were no deaths in this seines o ^ 
the dose of hydroquinidine was increased ^oimi ^ ^ 

about one hour after the administration Xnnimnl recovered from 

for an hour or more, and continued even after the animal lecoie 

the anesthesia. 

“pure quinidine” 

sixteen experiments were earned out n-itli 
were made on one dog, using very small doses. Tlnitcen „ 



respiration rate pulse rate 
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sublethal doses, 45 mg. per kilo, and six dogs died. In the tliirleen 
experiments in Avhicli snblethal doses were used, there was a mortality 
rate of 46.1 per cent. 

BLOOD PRESSURE 

The greatest fall in blood pressure followed the administration of 
“pure quinidine” (Graph 1). The blood pressure did not immediately 
recover after the initial fall, as it did after giving the other two prepara- 
tions. The blood pressure after the injection showed a tendency to 
remain for a longer time at a low level, and often would fall even a litile 
more before tending to rise again. “Pure quinidine” appeared to be the 
most potent vascular depressant. 
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_ The effect of regular quinidine is well knouoi. Usually there is an 
immediate fall in blood pressure after its administration, after which 
there is a prompt tendency for the blood pressure to rise again. 

Hydroquinidine caused the least fall in blood pressure. The fall after 
its administration was about one-half that which followed the adminis- 
tration of the other two drugs. The recovery, however, was much more 
rapid. After a period of about two hours the blood pressure rose above 
the level at which it stood before the drug had been given. 

PULSE RATE 

The pulse rate is slowed more by quinidine and “pure quinidine” than 
by hydroquinidine (Graph 2). The rate remains slower for about 10 
minutes longer after giving quinidine than after the administration of 
“pure quinidine." The initial rate is reached before one hour after 
giving the drugs. Hj^droquinidine is the least depressing on the pulse 
rate. The effect is very slight. In about one hour the pulse rate begins 
to increase, and soon reaches a higher level than wms present before the 
administration of the drug. 


RESPIRATION 

There was no depressing effect on respiration as a result of administer- 
ing “pure quinidine," regular quinidine, or hydroquinidine (Graph 
3). There appeared to be a slight increase in respiratory rate after 
“pure quinidine" and hydroquinidine. 


SUMMARY 


1. Quinidine is composed of about 20 per cent hydroquinidine and SO 
per cent “pure quinidine." 

2. “Pure quinidine" is a marked cardiovascular depressant. It is 
much more toxic than quinidine in doses equivalent to sublethal doses 
of quinidine. 

3. The mortality rate which resulted from giving quinidine in sub- 
lethal doses was 18.2 per cent. 

4. The mortality rate as a result of giving “pure quinidine in sub- 
lethal doses was 46.1 per cent. 

5. No mortality resulted from using equivalent sublethal and larger 
doses of hydroquinidine. 


6. Hydroquinidine is a veiy slight cardiovascular depressant. 

7. The hydroquinidine fraction of quinidine appears to counteract to 
a great degree the cardiovascular depressant action of the p 
quinidine" fraction. 

Eight patients with chronic anricular Sbrillation were treated y* 

In not one case was normal rhythm restored. This stody w.ll he reported at son. 


future date. 
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'Die writer wislies to express liis sincere thanks to Dr. A. D. llirschfeUler for 
much valuable advice and help in carrying out this study, and to George Tamcales 
for technical assistance. 
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Clinical Reports 


AxNEURYSM OF ONE OP THE SINUSES OP VALSALVA CAUSED 
BY A CONGENITAL LESION 

Case Report 

P. J. Hirschboeck, M.D., Duluth, Minn. 

A NEURYSM of one of the sinuses of Valsalva may be part of a more 
diffuse aneurysm invohdng the proximal portion of the aortic arch, 
but may also oeeur as an isolated entity as a result of sjyhilis, arterio- 
sclerosis, ulcerative endocarditis, or a congenital lesion. Slicks^ states 
that twelve, including his case, have been of congenital origin. Usually 
the right aortic sinus alone is involved. Pour instances have been re- 
ported in which aneurysms were present in the three sinuses. 

There appeal’s to be some confusion in regard to the nomenclature of 
the aortic sinuses, but for clinical purposes a division into right, left, 
and posterior sinuses is most acceptable. The right sinus is marked by 
the fact that the right coronary arterj^ arises from it; tlie left coronary 
originates in the left sinus. The posterior sinus may be designated as 
the “noneoronary ’ ’ sinus. The sinuses are intracardiac in their anatomic 
relations. The signs of aneury’^sm are caused partly by involvement of 
the aortic ring and partly by secondary pressure on the surrounding 
cardiac structures. The location of the sinuses detennines the direction 
in which the aneurysm will extend. The right sinus is in juxtaposition 
to the right auricle and ventricle. The left sinus lies external to the left 
ventricle and internal to the pericardial sac. Enlargement of an 
aneurysm of the left sinus may reveal itself on the external topography 
of the heart because of its relation to the pericardial sac, which is usually 
at a point to the left of the pulmonary artery; the posterior sinus is 
located anterior to the right and left auricles. 

Since the aneurysms are almost invariably intracardiac, they are often 
associated with unusual murmurs and thrills. The proximity of the right 
sinus to the membranous portion of the septum occasionally produce 
conduction disturbances. Compression by the contiguous heart muse e 
and lack of freedom of expansion usualty prevent the aneurysms from 
growing very'’ large, but they frequently attain the size of a hen s egg. 
Since the coronary orifices arise in proximity to the sinuses, 
become aneury''smal by contiguity. Disturbance of the function o e 
aortic valve is not uncommon. Sinus aneur.vsms may rupture mo 

Received for publication Feb. 1, 1941. 
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pericardium, the vena cava, the puhnonaiy artery, or 
cavities Death may ensue rapidly with rupture into the peiicaiclnim 
rupture occurs into a heart cavity, the pulmonary ar^h « 
one ol the large venous trunks, death does not ahvays occur • 

and .sudden changes in the paipctoi-y and auscullatorj signs m j 
noted; Such signs and symptoms oi marked change m the circ c . 
mechanics develop abruptly and are plainly e%ddent. 

In the case reported in this paper; the aneurysm apparently arose at 
the site of a congenital defect in the aortic ring, and originated Ike 
right sinus. The posterior sinus was' rudimentary. Aneurysms which 
project from the right sinus tend to bulge through the septum between 
the ventricles, and extend anteriorly into the conus of the right ventricle 
1 or 2 cm. below the pulmonary ring. Involvement more to the right, n ill 
produce bulging into the right ventricle in llie region of the tricuspid 
valve commissure on the anterior or right septal surface, and may cause 
relative insufficiency or stenosis of the valve. Aneurysms may rupture 
into the right auricle or ventricle, and, because of encroachment on the 
interventricular septum, may cause intraventricular conduct ion defects. 

CASE REPORT 



18, 
and 

Hirscliboeck. 

On admission to the liospital the patient compluinccl of extreme stiortnes.s of breath, 
pain in the chest, vomiting, and disorientation. The history was obtained from the 
mother, who stated tliat tlie patient liad had a sonicwiiat similar experience about a 
month before, when he suddenly began to vomit and liad severe pain in liis cliest, 
with shortness of breatli. Tlicsc symptoms continued for about t!>roe days, and then 
the patient appeared to improve for about three weeks. 

I’asi Eistory . — Tlie patient liad always been very active, and participated in 
athletics, including football. Tiicro was no history of rheumatic fever or any 2 >revioiis 
suggestion of congenital heart di.sease, and the patient had always been ^Ycll except 
for the diseases of childhood, which were not a.ssociated willi any complications. 

Physical Bwamvnaiion . — The patient was a rather robust wliite man, 20 years of 
age; he weighed about IGO pounds. 

Examination of tlie eyes, ears, nose, and tliroat was negative. Tlie pupils were 
normal and equal, and reacted to light and in accommodation. It was noted that 
there was prominent pulsation in tlie carotid vessels. The veins were not distended 
in the neck, but were visible in the upper portion of the chest. A pulsation was also 
observed in the epigastrium. Tlie heart was enlarged dilTuselv. Careful measure- 
ments were lacking. There was a marked systolic thrill over the apc.v, and a harsh 
systolic murmur was audible at the lower end of the sternum and in the epigastrium. 
On admission to the hospital his blood pressure was 300/0. The heart rate was 140 
There was no evidence of any abnormality of the lungs. The liver dullnoss was 
about two togerbreadths below the right costal margin. Over the poriplieral vessels 
a pistol-shot sound was audible. ^ 

LaUratory Data.~On two occasions the liemoglobin was 91 and 94 per cent 
»d the ,r, h,e.,te count, 4,810,000 „„,1 4,700,000, respoetivoly. Thu to J«c 
»un, on Fehruury 10 u,400, .„a, „„ ys,m. A Siff “rSri 
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leucocyte count showed , 77 polymorphonuclear cells, and 11 small and 1 “) i 
lymphocytes. The blood urea nitrogen was IS mg. per cent, and the creatinin "‘m “ 
per cent. Blood cultures on two occasions were negative, and remained negative after 
the deatli of the patient. The urine was normal except for a trace of albumin' tl 
specific gravity was 1.024 to 1.030. ' 

A roentgenogram of the chest, taken in bed, showed what seemed to be enlarge- 
ment of the heart to the right and left, but more particularly to the right. An electro- 
cardiogram showed right axis deviation, low voltage in all the leads, inversion of T 
an isoelectric T™ and T,, elevation of ST„ and slurring of the QES in all leads. ” 

The temperature fluctuated from normal to 103° F. 

A tentative diagnosis of subacute bacterial endocarditis was made. 

On February 23 it was noted that the heartbeat was very rapid (130) and tu- 
multuous. The murmurs were harsh and seemed to be chiefly systolic; they were at 
the lower end of the sternum and in the epigastrium, as previously observed. The 
blood pressure at that time was 200/0, and, although the rapidity of the heart made 
it difficult to interpret the murmurs at the base, it was thought that a diastolic mur- 
mur was heard. The next day the heartbeat was less rapid, and a diastolic murmur 
could be heard plainly at the left border of the sternum and in the aortic area. The 
diagnosis was aortic insufficiency and tricuspid insufficiency, caused by endocarditis 
of undetermined origin. On February 26 the patient became rapidly weaker and 
died. 



Pig. 1.— View of the left ventricle and aJ^'^compared^'to ffic^rudi- 

s plainly seen in the right aortic sinus. Its relative size as compa 

nentary posterior sinus is manifest, 

Antopsy. — On opening the abdominal cavity tbe peritoaeal cavity v. 
lontain aLt SCO c.c. of clear, straar-oolorcd fluid. The liver f 
margin in flie right mldclavicalar line. The left pl.or^ ZV Ze » 
yf clear, straw-colored fluid, and the right pleuia cavi y, 5 t,,«,v-colored flukl- 

pleural adhesions. The pericardium contained 250 c.c. of c ear, • 

The heart weighed 445 Gm., the liver, 2,000 Gm., the spleen, 

tidneys, 350 Gm. . , >s fist, nad 

The heart was about one and one-half times tie sme o ‘ 

the cavities were dilated, mainly on the right side. The cavities of the 
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taiued fluid blood. There were numerous small hemorrhages under the epicardium, 
mainly on the right side and along tlie sinus venosus. The pulmonary valve was nor- 
mal in appearance. The cusps of the aortic valve were quite unequal; the left and 
the right cusps were larger than usual, and the posterior cusp was undeveloped and 
rudimentary. The openinp of the left and right coronary arteries were in the normal 
position. The right aortic sinus was deeper than usual, and, in the deepest portion 
of the sinus, below the opening of the right coronary artery, the wall of the aorta 
was the seat of a round defect, measuring about 1 cm. in diameter, through which 
blood had passed into the right side of the heart. The point of emergence of the 
aneurysmal cavity, as seen from the inside of the right heart, was sac-like; it 
measured about 1.2 cm. in diameter, and lay prominently between two of the tricuspid 
leaflets. The sac-like structure was formed by a thin layer of connective tissue, and 
at its apex there was an irregular tear about 1 cm. in length ; rupture had apparently 
occurred recently. There were no fresh or old endocardial .deposits on the valves or 
walls of the heart. The mitral valve admitted three fingers and appeared normal. 



ventricular septum was normal The en ea ovale nas closed. The inter- 

The myocardium was normal in appearancr’^The^T T+7 “ appearance, 

ately hypertrophied, mainly on the right side. ® ventricles was mode?- 

on the visceral 

the posterior portion of the lower lobe. The' ngri^; 
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affected The pulnionary^artery appeared to be aormal. The spleea had a .liplaiv 
increased consistency, but was otherwise normal. Tlie kidneys were normal 
iver showed moderate central ■ passive congestion; the peripherj^ of the lohnl'es wi! 
somewhat yellowish. 


The post-mortem diagnosis was malformation of the aortic valve, with aneurvsm 
of the right aortic sinus which extended through the ventricular wall and emerged as 
a sac-like projection into the right auricle and encroached upon the tricuspid orifice- 
rupture of the aneurysm, with formation of a shunt between the aorta and riglit 
ventricle: congestion, Grade III, and edema. Grade II, of the lungs; central passive 
congestion of the liver; bilateral hydrothorax; ascites. 

Microscopic examination of the heart showed slight fragmentation, but nothing 
else abnormal. 


This case was interesting because a congenital anomaly of the aortic 
ring was found, with a rudimentary posterior cusp. There was an 
aneurysm which arose at the base of the right aortic sinus and extended 
through the wall of the ventricle into the right auricle; it emerged at 
the tricuspid orifice, and ruptured in the direction of the right ventricle. 
Of interest elinieallj’' was the extreme^ high pulse pressure; on one occa- 
sion the blood pressure measured 300/0. This is explained in part by 
the relative aortic insufficiency caused lyy the proximity of the aneurysm 
to the aortic ring, and in part by the development of an arteriovenous 
shunt from the aortic ring into the right side of the heart. These two 
factors evidently combined to cause the unusual blood pressure. Clini- 
cally, it was possible to detect the functional disturbance in the valve, hut 
the anatomic cause was not recognized. 

It would seem that the aneurysm was caused by a congenital anomaly 
and weakness of the aortic valve ring. 

Note. — The riglit axis deviation in the electrocardiogram, in view of the extreme 
hypertension, was thouglit unusual. 'William B. Porter, in the American Heart 
JOURXAL, Vol. 23, page 468, describes similar occurrences, with rupture of tlie 
aortic aneurysm into the pulmonary artery. The analogy between the instances 
described by Porter and this case, in which aortic aneurysm ruptured into tlie right 
side of the heart, is evident. 
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repkactoby 


OTASSIUM IN THE TIHEYJ’HF.NT OP 


PABOXYSJIATi Y.15N'JTH(JUEAB 
TACin'CARDTA 


Stephen* J. Stemi- 


]\I.D., AXI) Keiout H. 3vA'17,, H.D., Boston*, .AL\ss, 


OAROXYSiiDVL vcutncular tachycardia is a rave hot. highh itnpoi 
A tant cardiac disorder rvliicii demands ])rompt, energetic lieatinent. 
Unless this abnormal rhythm is stoiipcd, congestive failure cventnn > 

supervenes, and leads to a fatal outcome. 

Quinidine is by far tlie most reliable drug in the treatment of 
paroxysmal ventricular tachycardia. Levine' slatc.s that atrojiino may 
be used as an adjunct to quinidine therapy if the latter alone is not effec- 
tive. Sampson and Ander.son* studied the effoct.s of potassium .salt.s alone 
in a group of fifty-eight imtients with cardiac nrrliythmias. Only one 
of these was a case of paroxysmal ventricular tachycardia. Ihis patient 
was a thirty-year-old man with iircmaturc arteriosclerosis. He was ob- 
served during four attacks of paroxysmal ventricular tachycardia which 
lasted from sixteen liours to five days. Each attack ceased williin one 
hour after the oral administration of a total of two to ton givims of either 
potassium chloride or iiolassiuin acetate. 

Since there arc very few clinical oh.scrvations on the use of potassium 
in the treatment of ventricular tachycardia, \vc wisli to report a gratify- 
ing experience willi this drug in a jiationt whose tachycardia was highly 
refracloiy to treatment with quinidine and other tlrngs, hut .stojiped 
promptly when, in addition, potassium chloride was given orally. 


CASE REPOllT 

A seventy-tliree-year-old man was atlinillcd to llic Mcdic.n! Son’icc of llie 

Boston Citj- Hospital on Augwst 2S, 1010, witii the eliicf complaint of ])rcconlinl 
oppression, palpitation, and Avlicezing dy.spnea of .‘■iidden onset twenty-four Iioura 
previously. A similar attack, associated with prolonged, severe ]>ain in the anterior 
portion of the chest, had occurred in June, 1910. Later infonnutiou from the family 
physician disclosed that the earlier attack had been enn.^cd by coronary ocelnsion, as 
proved by an electrocardiogram taken June 31, 19 I0. 

On admission, physic.nl examination revealed a well-nourished, elderly white man 
with orthopnea and Chejme-Stokes respiration, but no cyanosis, Hi.s lieart wa.« 
considerably enlarged to the left and right. The heart rale was estimated at 20S 
beats per minute. The heart sounds were distant and of uniform quality. No mur- 
murs or friction rubs were audible. No appreciable etToct on the rhythm could be 
produced by carotid or ocular pressure. The blood pressure was 100/75. The neck 
veins were distended and the liver was palpated two fmgerbreadths below the riclil 
costal margin. Afoist rule.s were heard at the bases of both lungs. No porit.heral 
edema was dcmonstr.nblc. ‘ 


Recelved for publication Feb. 20. 1941 . U^i'csltj School of Afedlclno. Uo.ston. 
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August ^J._Without tl.e help of the electrocardiogram, it seemed tle.f ti 

congestive henrt Muse. Tl,e„“® «.a 

The ohlr effect was a decrease in the heart rate fron. 208 t. m tots “cSr 

^^-The electrocardiogram showed paroxysmal ventricular tachycardia 
Thereupon drgrtalis was discontinued and quinidine therapy was started. A toti 
thirty-three giams of qumidine was given orally in divided doses throughout the 

rlTZ/t 1^0 L ventricular r^c 

irom 1/6 to 160 beats per minute. 


August ^5.— Twenty-four grains of quinidine were given orally in divided doses 
without effect on the I'entricular rhythm. 

August £6.--The dose of quinidine was increased to forty-eight grains daily (six 
grains every three hours) and maintained at this level. No change in the ventricular 
rate was observed. 

Augxist £7. ^Another electrocardiogram sliowed persistence of the ventricular 
tachycardia. The signs of congestive failure appeared to be increasing. 

August £8 . — Twenty c.c. of a ten per cent solution of magnesium sulfate were 
injected slowly by vein udthout demonstrable effect. The electrocardiogram' was 
recorded frequently during this injection. 



Fig. 1. — Electrocardiograms (Lead II) showing: A, Ventricular taclp’cardia Jicfove 
use of potassium. B, Normal sinus rlij'thm after the addition of potassium to ttio 
quinidine therapy. 


August £9 . — Five grains of quinine diliydrocldoride were injected intravenousl) , 
but no change in the ventricular rate was noted. 

August 30 . — Five grains of quinine dihydrochloride were given intravenously witli 
out effect. One-sixtieth of a grain of atropine sulfate was given intravenously, with 
electrocardiographic control, rvitliout demonstrable change in the ventriculai late and 
rhythm. 

August 31 . — Potassium chloride was added to the quinidine therapy in a dose of 
fifteen grains every four hours. Shortly after the third dose of potassium chloride, 
the ventricular rate dropped abruptly from 152 to 80 lieats per minute. 

September 1 . — ^Potassium chloride w'as discontinued, and the dose of quinidine nas 
reduced to twenty-four grains daily. 

September 3 . — ^An electrocardiogram showed normal sinus rhythm and I waics 
which were more nearly normal than those in the record of June 31. 

After the return of the ventricular rate to normal, the signs of congests e 
rapidly disappeared. The patient was discharged, fully recovered, October 31, i 
on a maintenance dose of 18 grains of quinidine daily. 




st3;mpikx AKn katz: 


fAHOXYSMAT, VKSTinCUl-AU TACMIYCAUmA 


oisoussiox 

There is eonside,.,l,!e experimented evUUmee 1. i.ulieale 1 

has striking effects on nweeavaiul iuiu-( urn. Sollmaim, m I- - ’ ' ^ 

with turtle hearts, (lemonsh-atoa that pulassiuM. in small • 

exerts a depressant action whh-h affects vln-thieenuty neueh nu.re llu 
contractility, Wiggei's^’ and Hoff and Nahum,’ ^solvln.^ ni 
mammalian hearts, hare shown (hat pota.ssium salts at certain op ima 
concentrations depress eonduelion, either locally at the site ol direr 
surface application, or, wlien given intravenously, in more wulespreai 
portions of the conducting system and myocardium. Winkler, llofi. and 
Smitli^ demonstrated striking electrocardiographic changes in dogs alter 
the inti’avcnons injection of isotonic jiota.ssinm chloride solution. lhe\ 
found that, as the concentration of the serum ]>olassimn itu’Veased, the 
following changes occurred ; alterations ot the T wave; dejiri’ssion oi the 
S-T segments; intravent rieular block; disni))>earance of the 1’ waves; 
and, finally, cardiac arrest. A comiiavablc study in man, made by Harris 
and Levin,” showed that an increase of iiotassimu in the bhual stream 
caused : 

il. A decrease in the heart rate by virtue of a lengtiiened dia.stolie 
interval (T-P); li. occasional dimimition of the height of tlu’ P and K 
waves; and C. occasional, slight prolongation of the P-11 and (jj-'l' inter- 
vals. 

atlore recently. Thomson,'" who studied the (‘ffects of the orjil itigc.s- 
lion of ])olas.sium .salts on the human electrocardiogram, dcinonst rated 
changes in the T waves in fifteen cases and impairment of eonduelion in 
two eases out of a total of twenty-four eases. This author is of the 
opinion that the effect of vagal .slininlation and acetylcholine on tlie lieart 
may he mediated Ihrongli the action of lliir jiota.ssium ion on flic niyo- 
cardinm. Furthermore, Cam]) (quoted by Tliomson’") has slmwn that, 
in dogs, pola.ssiuin definitely potentiates the vagus ue.iiou tif diLdtalis. 

Not much clinical use lias been made of these eardiae efiVets of 
potassium. Sampson and Andenson." as previously mentioned, were able 
to abolish exlra.systolcs in many of (heir cases, and venlricmlnr taeliy. 
cardia in one case, by giving potassium .salts by mouth. 

On the other hand, (piinidino lias been ait])lied generally and succe.ss- 
fully in the Irealmeul of certain cardiac arrhythmias. Hut it is not un- 
usual to find tliat a frequently reliable remedy may, in an individual 
case, prove entirely ineffective. The ventricular (achyeurdiu tiesevibed 
in tins report proved to be refractory to treat menl with lai-ge dose.s of 
quinidme. It further failed to re.siiond to the jiaronloral administration 
of cor am other drugs, namely, magne.si«n. suliiimlo. .,ninine dibvdro- 
chlonde and atropine sulphate. Finally, after nine days of eonti.nions 
rentiieulai tachycardia de.sj)ite qninidine theraiiv, an ahnipt eh-in-m to 
noma. „ee„„ca aftor-ihe , 

potassium chloride. c-*'Uns oi 
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SUMMARY AND CONCLUSIONS 

1. Quinidine alone may be ineffective in the treatment of veiitricuhv 
tachycardia. 

2. Certain adjuncts to quinidine therapy, such as magnesium sulpliate 
quinine dihydrochloride, and atropine sulphate, may also move in' 
effective. 

3. Under such conditions, we recommend giving potassium salts in 
addition to the quinidine therapy. One or two grams of potassiiira 
chloride or potassium acetate may be given eveiy two to four hours until 
a favorable response is obtained. 

4. W e believe that the action of potassium in our case rvas specific and 
not fortuitous for these reasons: 

(a) Potassium depresses the conductivity and excitability of the myo- 
cardium. 

(b) Potassium potentiates digitalis and quinidine. 

(c) Potassium alone can abolish extrasj^stoles and paroxysmal ven- 
tricular tachycardia in man. 

(d) Lastly, the long duration of the tachycardia, the lack of response 
to quinidine and other adjuncts, and the prompt response when potas- 
sium Avas added seem to support a cause-and-effeet relationship. 
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AN UNUSUAL TOXIC MANIPHSTATION OP THU OKAI; USU 
OF QUINIDlNIi SULFATl*: 

l^icroKT or A Casio 

INfcoviK I. Stuuxick, 

Boston, ^Iass. 

'yilB toxic nianifostJitions of (tuinidinc jmuI (luinine jut muiicrous 

1 and well known. Immediate fel)rile reactions jis- a iTsult of the julmin- 
istration of quinidinc snlfjito luive not beoji rejmvled. The (Tse heve 
deseribed illnstrate.s tills nmisiial manife-slation of seiisilivdy to (lie 

drug. 

ma’OKT or cask 

The patient. H. B., a (•.."i-yeiir-olrl married tailor, was admitted to ilie Betti Israel 
Hospital October 30. B'B'. beciuise of the swtden onset of sliortness of breatli. His 
Ucaltli had been execllcut until four months prior to entry, when he e.vjienrneed 
o.vtreme generalized weaUne.«s tind 3 >rofuse perspiration while at worh. Two witI.s 
later, he developed severe pain in the eliest, tind ti iliagnosis of eoroiitiry thrombosis 
with myocardial infarction wtis made at another hospital, llecnrrent stibsterntd 
pain necessitated rcadmission to the same institntion, Inil tliere was no eoiiftrm.'ifory 
evidence of another inftirction. 

Pliysicul examination disclosed a fairly well-preserved elderly imin, witli moderate 
cyanosis of the lips and nail heds. 'Die lem])eralnre was 100' J’., t)n> pulse rale, Id), 
and the respiratory rate, J!(i. 'Die fundi ajijieared noniml except for arteriosclerotic 
change.*. TIic lungs wore resonant .and no riiles were uudilde. Examination of the 
heart revealed the apex imjmlse in the fifth intercostal sicwe at the loft anterior 
axillary line, a .*liorf, blowing, apical .*y.*t«dic miirnmr, normal rliyllirn, and sounds 
of poor quality, 'J'lie lilood pressure was J 1.1/70. 'Die edge of tlie liver was palpable 
beneath the right eostal margin on deep inspiration; it was not lender, 'Die re- 
flexes wore normal. 

Urinalyse.* showed good coneeiitration. One specinu’ii showed a slight tnice of 
alhumin. All cxaminatioii.s of tlic urinary .sediment were essentially negative. On 
admission the erythrocyte eount wtis 1,0011,000; the iiemogloiiin, BH j>er cent 
(Sahli) : and the leucocyte eount. B},.S00; a diiTereiilial leueocyl(> eount revealed 
79 per cent polymorjilumuclears, 21 j>er cent lymplioeytes, jver vent monocytes, and 

2 per cent co.sinophile.*. Tlireo .«tooIs were negative for occult blood. Tlu' Idood 
Hinton and Kahn reactions were negative. 'Die icterus index was 0. The non- 
protein nitrogen content of the blood w.as .'!! iiig. per eent. A roentgenogram of (he 
chest, taken soon after entry, showed no pnreiiehynml pnlmnimry lesion, l-ileelro- 
cardiograms showed left axis deviation, with intniventnVuIar block and a deep S., but 
no definite changes indicative of recent infarct ion. 

Because of the appearance of imniermi.* ventricular premature lieats sliortlv after 
the patient was admitted, 32 grains of quinidinc .«ulfate were administered dailv 
m four doses. On the fifth hospital day the dose was reduced to ni,,,. grains hi 
twenty-four hours. 'Phe drug was omitted on the fifleenlh day l.eetutsc of tinnitus in 
the left car; tins subsided within twenty-four hours. The tomi.enituro chart from 
the sixte enth hospital day to the time of di.*clmrgo is re[)ro(]uced liercwilh (]-'ig. 3), 
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and reference to it will facdxtate an understanding of the subsequent course PHor 
to tins he was entirely afebrile. On the seventeenth hospital day the administra- 
tion of the drug was resumed in a dosage of twelve grains a day. Two davs later 
the temperature rose abruptly to 102.2”, and this fever was associated with chilliness 
and a mild injection of the throat. The fever persisted for three days through 
the twenty-first hospital day. The throat cleared up within twenty-four hours 



During tliis time the patient was receivuig quinidine sulfate, theobromine-sodium- 
acetate, and chloral hydrate. On the twenty-first hospital day quinidine was dis- 
continued and the temperature fell abruptly to normal. On the tiventy-third hospital 
day quinidine therapy was resumed in the same dosage, and the temperature rose 
rapidly, reaching 104° by eight o’clock that evening. The leucocyte count decreased 
to 4,600 per cu. mm., and the tip of the spleen became palpable. TJie drug was 
agaii omitted on the same night, and all other medication was discontinued. The 
temperature immediately subsided, and he remained afebrile for the following three 







STURNICK; TOXIC AXIKRSTATIOK OK QlilN'lOlS'I-. .SUM'ATK 


0(il 

(layp. At this point it sceinotl likely that wo wore doalinj: with u drUR fever. To 
confirm this suspicion quinidino was npain ndniinislered on the twenty-eiuhtli hospital 
day, and all other medication was withhold. As on previous occasions, ho was Riven 
three grains of the drug at eight a.m., noon, four r.M., and eight f.M. The tein- 
perature reached 104° that evening; the drug was discontinued, and the puliont 
became afebrile by four r.M. on the following day. As Kig. 1 shows, this observa- 
tion was repeated on two more occasions, on one of wliich the tompornture rosi' to 
105°. The Icucoponia and splenomegaly did not recur. On each occasion the rise 
in temperature was accomimnied by a corresponding increase in the jmlse and 
respiratory rates. Tlie patient had no other evidences of drug intoxication, lie 
appeared quite well, even during the height of the fever, und eomplnitiod only of 
feeling warm. The tinnitus never recurred, riasmn hemoglobin nnd bilirubin 
psfiinations were made before and during the administration of cpiinidine. There 
was essentially no change in tlie plasmii hemoglobin, but a slight rise in bilirubin 
from 0.3 mg. per cent to 0.0 mg. per rent was demonstrated. 'I’lu* plasma hemoglobin 
was ,'!.2 mg. per cent before (|uini<line nnd 3.(5 mg. per cent during its fidministratinn. 

It is of interest that no febrile reaction ri'snlted from the ndministrafion of 
quinine. The patient was given a total of 2.1 grains without nny elTei-l on the 
temperaturo. 

.SU.MMAUV 

A inarkeil rise in teiniioratnve, ivithoul oDioi- .signs of lo.xieify, oe- 
curred repciitotilly oflor llio iidminislration of rpiinidiju; in doses wliiclj 
are eoinmoiily employed 1hova]>entiealIy, 



THIRTY YEARS AFTER LIGATION OP THE ANTERIOR 
DESCENDING BRANCH OF THE LEFT 
CORONARY ARTERY 

Samuel Bradbury, M.D., Germantown, Pa. 

^N APRIL 18, 1909, a woman was admitted to tlie Pennsylvania 
vy Hospital shortly after having been stabbed in the left breast. 

A diagnosis of wound of the heart was made, and the operative note, 
after describing opening the thorax and pericardium, informs us that 
the heart was heating regularly and a gush of blood was coming with 
each systole from a cut about one inch long, A suture of linen tliread 
was passed through the heart muscle, closing this (cut) partially. The 
blood from the upper end of the wound was bright, and from the lower 
end, dark. The wound was seen to cross a coronary vessel, and was 
apparently in the middle of the right ventricle. Five or six linen Su- 
tures closed the wound completely.” 

Actually, the wound crossed the anterior portion of the interven- 
tricular groove diagonally from the left above to the right below, about 
midway between the apex and the auriculoventricular groove, severing 
the descending branch of the left coronary artery. The patient was in 
the hospital from mid-April to mid-July, during which time she de- 
veloped acute pericarditis, empyema, and lobar pneumonia; she was 
finally discharged '‘well and strong.” 

This patient reported to the Pennsylvania Hospital outpatient de- 
partment October 24, 1940. She is a grandmother, and lives with the 
daughter, now married, whom she was nursing at the time of the ac- 
cident. She takes her part in the daily housekeeping activities, climbs 
the stairs with iinpunity, and is as well and active as a 75-year-old 
woman could be expected to be; she presents no subjective symptoms 
of heart disease. 

Examination showed that her blood pressure was 170/85; the pulse 
rate was 80, the pulse Avas regular in rhythm iDUt not in force, and the 
arteries were not particularly sclerotic. The left breast Avas smaller 
than the right, and the scar, at the inner margin of the breast, Avas 
scarcely noticeable. The cardiac ajjex Avas in the fifth intercostal space, 
8 cm. to the left of the midline ; it Avas not diffuse and no thrill Avas felt. 
The right border of the heart Avas not displaced. A systolic murmur Avas 
heard all over the heart, perhaps best at the Ijase. Expansion of the 
bases of the lungs Avas unequal ; it Avas better on the right, AAdiere there 
Avere rales. There Avas a drainage scar in the axilla. There Avas no edema 
of the ankles or over the sacrum. 
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BRADBURY: LIGATION OF i)I.:SGKNnlNG BRANCH OF CORONARY AUTIGIY ^03 

A roculgcnoonuu oi' the llun-BX. inadc IH, 1!)40 bg.s iutorproUvl 
as follows: “The honi't. is not enlarml; there is goml pnlsalion. ami 
no limitation of motion due to Die previons operative intorYention. 1 le 
arch of the aorta sliows marketl calcification. There is calcihcation ol 
the pleura on the left side. Tiic loft half of the diaphragm is slightly 
elevated, but the diaphragm moves freely and eiiually on respiration. 

An orthodiagram, made Aiiril 4 . ]!U 0 , .sliownl thal the transver.se 
diameter of the heart was 11 cm., with a thoracic diameter ol 20.2 ciii. 
Also, the heart was described as .showing “very slight enlargement, both 
of the left ventricle and of the right outflow tract.” 



FIk. 1. 


The electrocardiogram (hhg. 1) showed an occasional jiroinatnre beat, 
a rate of 88, a P-R interval of 0.14 .sec., no a.vis deviation, inversion of 
T3, and low voltage of QRS in Lead III. Tlie chest lead was normal. 
Such a curve is not abnormal for a iierson of this age, and is not, di- 
agnostic of heart disease. 
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Tliis case was i-epoi-ied in 1913 (J. A. M. A., Nov. 15, 1913), lonv 
years after the accident. At. that, time attention was directed to the 
previously i-eport.cd cases of wound of tlic heart, with severed coronary 
arteries. Three of the patients died soon after operation. Tlirec (the 
present patient made four) had recovered from their operations; one 
patient (F. T. Stewart’s first' ca.se) died of pulmonary tuberculosis and 
came to autopsy five years after operation. 

The present patient is living and comfortable, 32 years after severance 
and ligation of the descending branch of her left coronary artery. As 
nearly as we can ascertain, she has no evidence of coronary disease, and 
she cannot be said to have anj’^ cardiac dysfunction. 



Abstracts and Reviews 


Selected Abstracts 


Tho Abstracts in tliis number Imve been selected from tbc Jourml of the 
ilfoinit Sinai Hospital, Kew York, 8: 1912, 921 to 117C, tlcflicatc'l to 

Dr. Bernard S. Oppenheimer on tho occasion of his sixty-fiftli birthday, 

Abramson, D. I.: Resting Blood Blow and Peripheral Vascular Response.^ in 
Different Portions of the Extremities, .T. 8inai llosp., Xcw York, 8; 928, 1912. 

Certain conclusions can be drawn from the foregoing observations. First of all, 
since tho hand contains arteriovenous shunts which evidently are under the marked 
control of tho vasomotor center, (lie vascular responses in tliis region cannot be con- 
sidered as represonfntivc of peripheral blood flow generally. Further, in contrast 
to the vascular responses in the hand, the blood flow to the normally Jnnen-ated 
forearm and log is more constant, not being diminished, at least, by most noxious 
stimuli. The arterioles in both types of vascular hods activclv dilate for the purpose 
of heat dissipation, but differ in that those of the hand function under ordinarv 
conditions, while those of tho forearm and log arc affecte.l onlv when tho need is 
excessive. Tho vascular beds in the forearm and leg. therefore, are more satisfnctorv 
than tke hand for studying the local effect of sudden changes in the systemic circu"- 
Jntwn. Ihnaliy, they arc probably more tnily ropresenfalive of periplicral blood flow 
as It relates to tho metabolic needs of the o.xtremifies. 

Act non. 

Generalized Postoperative Peritonitis Simulating Cor- 
onary Artery Occlusion. ]>. ^ 

nH picture of acute coionary artery occlusion mav bo simulated bv mniiv 

0 her supra- and mfra/liaphragmntic s.vndrome.s. Tlioro is a general aivarene-s of 

definite confirmatory evidence bo sought before making tr^'^ r 

in shock states. Tho value of (ho <• postopcrativelv 

^ 

AuTHon. 

Barnes, A. R., and Burchell, H E ■ Tho 

Ttae, StpMaa „ a,' ”4^'““''” 

5G5 
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Standard leads associated rvith upright QRS complexes is an occasional electrocardio 
graphic pattern of strain of the left ventricle. T-ivave negativity in airthree 
standard leads may be an electrocardiograpliie pattern following acute coronarv 
occlusion and if it is associated vith a Q pattern the latter probably will he of the 
Q, type. The behavior of the T wave in the chest leads is not predictable when 
all three standard leads have negative T waves. A number of cases have been en- 
countered with the electrocardiographic abnormality of negative T waves in all 
three leads, and in which the heart has been believed to bo structurally normal. ' 

AuTiions. 

Benjamin, J, E., Landt, H., and Landen, M.: Coronary Disease, Observations on 

Dispensary Patients, p. 376. 

Thirty-six (18 per cent) cases coming to necropsy (1.931 to 1941) were found 
to have myocardial infarction and coronary occlusion. Only four (11 per cent) 
patients had ever had actual attacks of “cardiac pain.” Dyspnea, congestive 
failure and elevated arterial blood pressure were the outstanding symptoms. The 
importance of recognizing the picture of coronary obstruction with infarction, as 
associated with congestive failure only, and not necessarily pain, is stressed. 

AUTHons. 

Boas, E. P., and Levy, H.; Angina Pectoris and the Peptic Ulcer Syndrome; 

Preliminary Report, p. 422. 

The authors have presented cases to illustrate the intimate relationship that may 
be manifested between the .symptoms of angina pectoris and those of peptic ulcer. 
There may be a sudden simultaneous onset of ulcer symptoms and of anginal symp- 
toms. Repeated attacks of angina pectoris at rest ending in coronary thrombosis 
may occur two to three hours after meals and during the night at the characteristic 
“ulcer hours.” When symptoms of angina pectoris and peptic ulcer co-exist, suc- 
cessful treatment of the ulcer symptoms may cause remission of the anginal syn- 
drome. Epigastric localization of anginal pain may be conditioned by a pre-e.xisting 
ulcer. 

Authors. 


Conner, L. A. : The Heart in Fat Embolism, p. 454. 

It is evident that in many if not most cases of fat embolism sufficiently severe 
to be of clinical significance the heart is involved in the embolic process and may 
play a part’ in the fatal issue rvhen this occurs. It is doubtful, however, if such 
heart involvement ever gives rise to .symptoms which ai'e sufficiently characteristic 
to make the clinical diagnosis possible. The large literature on the subject con- 
tains no instances of fat embolism which have presented the classical picture of acute 
coronary occlusion, nor have postmortem studies ever diselo.sed an authentic example 
of myocardial infarction as the result of such embolism. 

It is conceivable of course that some fragment of fatty tissue larger than the 
fat droplets might reach the left side of the heart through a patent foramen ovale 
(paradoxical embolus) and so result in coronary embolism, but no such happening 
is recorded and such a possibility is too remote to deserve clinical consideration. 

The answer, then, to the question posed in the beginning is that there is no 
support for the view that fat embolism may at times present the clmical picture of 
coronary occlusion. 

Author. 
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Cra-wforcl, J. H.; The Diagiiosls of Aiionrysm of the Heart, p. U!'.*. 

Tlic sifpi.s wliicli !iro iiio.'Jt. fmjiiently jnc.^ciit aiiil ni)pcnr to ho ino.st. ituportiuit 
in tlio of .niieurytiiii tif llio lionit nro: (n) A lii.'^tory of elect roonnliogniphie 

proof of jirovioiis (mroiinry occlusion, (h) The jnesc'iico of iin nhnonunl prccordial 
pul.'intion Oi.'^tinctly .'icjj'.inito'l from the apex pulsation particularly when it is situated 
above the fifth rih. (c.) On x-ray examination a localized bulge which cannot he 
.separated from the heart shadow in any view in which it can he seen or ivn angula- 
tion of the left border of the heart, (d) Systolic, expansion in the region of the 
abnormality as seen on lluoroscoiiy or roentgenkymograiihy is practically (a)nclnsive 
evidence and small or absent contractions in this area are strongly suggestive, (e) 
Localized pericardial adhesions or ealcilicalion of the aneurysmal wall or its con- 
tents are also of value when present. 

The following conditions simulate aneurysm of the heart tdosely and must be 
carefully differentiated from if; (a) Tumor of the he.art. (b) Aneurysm of .a 
sinus of Valsalva, (c) Aneury.-m of a coronary artery, (d) (’aleification of the 
jiericardinm. (e) Diverticulum of the jieric;irdium. (f) Loculated ]>erieardial effu- 
sion. (g) Cyst of the ])ericardium. 

AUTIIOIU 

Friedman, B., Jarman, J., and Marnis, J.: Therapeutic Agents and Renal Im- 
plantations In Experimental Hn’ortension. p. o.'! !. 

Studies of the blood pressure reducing properties of a nundjer of “hypotensive” 
agents and of tissue imjdantatious in ruts with chronic liy])ertension of renal origin 
inilicato ns follow.s: Erythrol tetranitrate, bismuth subnitrate, allium sativum (garlic 
extract) and dried kidney tissue (nejihritin) are without effect. I'otasHium thio- 
cyanate in doses which, in proportion to body weight, are about ."jO times those tid- 
vocated for iiiiin, produce a slight decline in pressure aecompaiiied by evidences of 
toxicity. Magnesium carbonate and sulphate are ineffective. An I'Xtract of kidney 
(Page) reduced blood j)ressure to the normal level during the jieriod of administra- 
tion of the extract. A fall in blood pressure occurs following subentaneous imjdanta- 
tion of strijis of tissue taken from the kidney, liver and s]ileen. Tlie depressor 
effect is correlated with the presence of localized necrotic tissue and does not seem 
to bo specific for the ki<1ney. 

AUTHOias. 

Globus, J. H., and Schw.ib, J. M.: Intracranial Aneurysms: Their Origin and 

Clinical Behavior in a Series of Verified Cases, j). fi l". 

A review of the clinical tind anatomical features in thirteen eases of intracranial 
aneurysms led to the Ldlowing observations; Intracranial aneurysms pre-exist a ter- 
minal fatal event by varying lengths of time, in some instances by as many as 
thirty years and probably longer. In the great majority of instance.s the life history 
of an aneurysm is punctuated by two or more oxplosion.s characterized commonly by 
manifestations of subarachnoid bleeding. A fatal issue usually restdts from the 
rupture of the aneurysm and extravasation into an area of previously disintegrated 
brain tissue, ultimately leading to intraventricular hemorrhage. In a few instances 
death is caused by the effect of the pressure expansion of the aneurysm without its 
rupture and witliout tissue disintegration. 

Disintegration of brain tissue and hemorrhage into the areas of softening with 
extension into tlie ventricles is most commonly encountered in an aneurysm arising 
from the rostral part of tlie circle of Willis (anterior communicating, anterior cere- 
bral and internal carotid arteries), while aneurysms of the posterior part of the 
circles (posterior cerebral, basilar and vertebral), exhibit manifestations of an cx- 
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panding lesion. Generalized cerebral arteriosclerosis uas not conn, ion iviUi the 
aneurysms in tins series, there being advanced atUcromatoiis cliangos ia cerebral 
vessels of two cases, moderate changes in four and none at all in seven instances of 
our series. This would point, as far as thi.s material is concerned, to (l,e signilicance 
of the congenital origin of ancur.vsm.s. Syphilitic and mveotie aneurysms were' not 
among this series, indirectly indicating their rarity. The aneurysms were single in 
all but one case, in wliicli they were ninltiple. Hypertension was not a frequent 
accompanying condition, as it was found in only three of tlie thirteen cases. 

The age distribution shows that fatal manifestations of an existing aneurysm 
usually appear during the third and fourth decades of life, but there is evidence 
that their silent existence precedes the fatal issue by many years. Aneurysms seem 
to be evenly distributed between the two sexes. 

Clinically the aneurysms occasionally simulate tlie picture of brain tumor on- 
cephaUtis or vascular disorder of a less defined type; signs of increased intracranial 
tension, however, except headache, were found in few instances, and mainly wlien 
the aneurysm was more caudal in location; papilledonia was rare; focal signs (often) 
of localizing character were frequent. Convulsive seizures occurred and, in some 
instances, liad a focalizing value, but when they were concomitant nith bleeding 
into the subarachnoid space, they had no localizing sigmificance. Signs of meningeal 
irritation nlien piescnt uerc indicative of subar'achnoid bleeding*. TJic cerebrospinal 
fluid was often bloody or xanthocliromic, indicating recent or older bleeding. Occa- 
sionally a high leucocyte count was encountered in the cerebrospinal fluid, leading 
to the erroneous diagnosis of a septic meningitis. Tlie blood occasionally revealed 
a leucocytosis, usually found in the course of an episode of subarachnoid bleeding. 

Authors. 


Goldblatt, H., Braden, S., Kahn, J. E., and Hoyt, W. A.: Studies on Experimental 

Hypertension. XVI. The Effect of Hypophysectomy on Experimental Eenal 
Hypertension, p. 579, 

In agreement with Page and Sweet it has been shomi that complete liypophy- 
seetomy does not prevent tlie development of experimental renal liypertension and 
that it tends to lower slightly the blood pressure of normal animals. In the liypo- 
physectomized animals that did not develop renal excretory insufficiency (the benign 
phase) the hypertension persisted at high levels for a long time. Tlie malignant 
phase of this type of hypertension was also observed in an animal that had been 
completely hypophysectomized. This rules out the hormones of the pituitary body 
as playing a significant part in the x^uthogenesis of the arteriolar lesions observed 
in. the organs of animals in the malignant phase of hypertension. 

The effect of any surgical procedure, including hypophysectomy, on established 
experimental renal hypertension must always be evaluated with caution because in 
some hypertensive animals, even without any type of treatment, there is a tendenej 
for the blood pressure to reach lower levels. It is considered, therefore, tliat more 
significance should be attached to the finding that experimental renal hypertension 
cannot be prevented by hypoplu'sectomy than to the effect of tins procedure on 
previously hypertensive animals. 

The results of this study lend no support to the view that the hypophysis plap 
a significant part in the pathogenesis of experimental hypertension due to constric- 
tion of the main renal arteries or of any similar type of human hypertension am 
offers no justification for surgical or other interference with the integrity of the 
pituitary body for the treatment of any type of liunian liypertension that resembles 
cxperimsntal hypertension of renal oiig'in. 


ATJTHOKS. 



SF.I^KCTKn ABSTRACTS ' '* 

Hatkavy. J.: Vascular Allergy. II Manifestations of Polyvalent Sensitization. 

P- 592. ... 

Four ciiso.s pvcsculiiig c.anliovusr.ulur jnvolveiueut lu wluoU f.aiullin » s, 
arteries part iciVate.l, are reporte.l. Consiituliouul nUerg.v or atop.v was pn'S'U 
fl.rce of file four patients. The e.>:<MtinR agents pruvc.l to 

foods and bacteria. The various luanife.slal.ons are regarded as the exp.csMou 
vascular allergy. AuTHOi!. 


Harrison, T. B.: Clinical Syndromes Produced by Temporary Disturbances of the 

Cerebral Circulation, p. 012. 

The foregoing di.scussion is admittedly iiieoaiplete. The author s object has bedi 
to consider a group of allied disorders from an illustrative rattier than from a eom- 
prehensivo standpoint. A more complete exposition would have to include ottior 
disorders, such as acute mountain sickness, for example. It i.s ]>rol)abk' that in 
the future new clinical syndromes wliich fall into the general group of temporary 
disturbances of the balance between the oxygen .supply and the oxygen need oi 
the brain will be described. In any case it would seem that supplementing the 
usual etiologic and pathologic points of viiuv by attempting a physiologie approach 
will be helpful in understanding ibis eomjdex but common and important group of 

conditions. VrTilOl!. 


Hitzig, W. M.: On Mechanisms of Inspiratory Filling of the Ccrvdc.il Veins and 
Pulsus Paradoxus in Venous Hypertension, p. <>25. 


Inspiratory filling of the cervical veins is a nonsjiecific jdienomenon ; it oceiir.^ 
not only in chronic constrictive jicricarditis, but also in syndromes of venous liyjier- 
tension (without mediastinitls) sncli as .severe rigid, heart failure (combined ty])e) 
and suiierior vena caval olist ruction. It is of <liagnostic signilieanee in chronic 
constrictive pericarditis only when it is acco.mpunicd by a jmlsns parado.vus. The 
"paradoxical” phenomenon of inspiratory lilling of tlic cervical veins enu he demon- 
strated inanomc'trically by measuring the venous jue.ssnre in llic veins of the neck. 
Tile elevation of the cervical venous pressure in tlie syndromes studied ranged from 
to 3^4 cm. 

Alanomctric observutioiw reveal that inspiratory filling of the neck veins occurs 
much more frequently than is clinically suspected. This is due to the fact that jire- 
existing elevation of the venous pressure interferes with the elinie.al evaluation of 
increased distention of the cervical veins during in.sjiiration. 

Inspiratory filling of the cervical veins in Iiearl failure represents an imbaluneo 
between an abnormally augmented venous return from the abdomen nnd a dimin- 
ished right ventricular output. Tlie central venous stasi.s which surrounds an over- 
loaded right heart retards the venous return from the niipor part of tlie body. 'I'liis 
is promptly reflected into tributaries of the superior vena eava, where it causes eitlier 
visible Ailing of the veins or manometric elevation of tlie venous [iressure. Inspira- 
tory filling of the cervical veins in superior vena enval olistruetioii occurs when the 
circulatory dynamics indicate that the closure is beJoiv the azygos vein. In these 
cases, the inspiratory descent of tlie diaphragm cmiipre.sses tlie inferior vena cava 
and retards the blood flow tlirmigh the collateral circulation and the intraabdominal 
veins. 


Paradoxical elevation of the cerebrospinal fluid pressure pavallclhig tbe in.spir.a- 
tory nse of the antecubital venous pressure was observed in one case of .superior 
vena caval obstruction It is suggested that a similar cerebrospinal fluid phenomenon 
will appear in those "congestive” states which manifest inspiratory filling of the 
cervical veins (clinically or manomctrically). “ 
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A concept is proposed in explanation of the genesis of pulsus paradoxn. > 
cardial effusion The phenomenon, .vhich may be regarded as a functional exaggoT 
ation of normal cardiorespiratory dynamics, ivill appear when there is a unS 
discrepancy betiveen the pulmonary blood volume during expiration and the iiu 
monary vascular capacity during inspiration. This concept can be similarly applied 
to constrictive pericarditis when the compression is predominantly ri-ht-sided and 
to the “dynamic” forms of pulsus paradoxus associated uith laryngeal and intra- 
thoracic tumors. 

The mechanical concept of the cause of inspiratory filling of the cenucal veins 
and pulsus paradoxus cannot be ignored in some cases of constrictive pericarditis 
but its occurrence in syndromes of venous hypertension (without mediasHnitisl 
favors the cardiorespiratory or dynamic concept. ' 

A “paradoxical pulse” that appears only in certain positions of the arm occurs 
as a result of abnormal anatomical relations between the subclavian artery and the 
first rib and the clavicle. The inspiratory weakening of the pulse is localized to the 
involved extremity in contrast to the generalized “pulsus paradoxus” of cardio- 
pulmonary origin. 

Author. 


Krumbhaar, E. B.: A Congenital Cardiac Anomaly: Atresia of Mitral Orifice 
and Separation of Left Auricle and Ventricle. With an Appended Case of 
Absent Left Ventricle, p. 737. 

A heart of a stillborn infant is reported, in which the left auriculoventricular 
orifice was obliterated, and the left auricle separated from the left ventricle by a 
distance of several millimeters. From the diminutive left ventricle, which was 
connected with the large right ventricle by a small septal defect, a small aorta (?) 
emerged that communicated wdth the large pulmonary artery (?) by a widely 
patent ductus arteriosus. The foramen ovale was widely open. The coronary 
arteries arose from the large artery. Other congenital anomalies were present, the 
unilateral ones all being on tlie left side. The heartbeat was heard before and after 
delivery, but the child did not breathe or move. 

Author. 


Levine, S. A,, and Kauvar, A. J.: The Association of Angina Pectoris or Coronary 

Thrombosis With Mitral Stenosis, p. 751. 

A study was made of 38 cases having both mitral stenosis and angina pectoris, 
16 of which were examined post mortem. It was found that 17 of 2832 cases of 
coronary artery disease seen in private practice had mitral stenosis, i.e., 0.6 per cent. 
These 17 cases of mitral stenosis with angina or coronary thrombosis were observed 
among 741 consecutive cases of mitral stenosis, i.e., 2.6 per cent. 

The incidence of significant coronary artery disease among 314 cases of mitral 
stenosis examined post mortem was 5 per cent. The average age for the onset of 
a.ugi'Tia. was 50.4 years for women and 53.7 for men, the duration of angina being 
about 4 years in both sexes. Whereas in ordinary cases of angina men predominate 
about 3 to 1 and die at a younger age, in these cases of angina and mitral stenosis 
women predominate 2 to 1 and die at a younger age. 

Among the 16 cases examined post mortem, the average blood pressure of the 
women was 175 systolic and 93 diastolic, and for the men 146 systolic and SS 
diastolic. The blood pressure for the other cases was somewhat lower. 

Seventeen cases had permanent auricular fibrillation. In 5 of the 11 that had 
congestive failure, angina developed after the initial symptom of dyspnea. Three of 
the 16 cases examined post mortem showed no significant patliological cliangcs in 
the coronary arteries. The finding of normal coronarj- arteries in these 3 eases and 
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„b,o,.;e tl.P o-rpat maioritv of instances, however, nhen initial stenosis 

Sgina coexist, tlie"two conditions are independent of eacii other, the former due to 
rlie^uniatic infection and the latter the. result of ordinary artery scleiosis. 




Longcope, W. T., Pisher, A. M.: Involvement of the Heart in Sarcoidosis or 

Besnier-Boeck-Schaumann’s Disease, p. 784. 

In a series of 31 eases of sarcoidosis six patients sliowed some evidence of myo- 
cardial insufficiency during life or sarcoids of the heart and pericardium were 
discovered at autopsy. In one patient who showed no ahnorraalities of the lie.aTt 
during life a few lesions were found scattered through the myocardium at autopsy. 
The remaining five p.atients presented some evidence of disease of the heart. Three 
of the patients died. Autopsies performed on two of these cases showed sarcoidosis 
of the myocardium and peric.ar.diuni. 

The five patients suffered from various degrees of heart failure, often with en- 
largement of the heart, arrhythmias and electrocardiographic changes. 

Aurnons. 

Mann, H., and Mayer, M. D.; The Uterine Electrocardiogram, p, 805. 

A series of electrocardiograms were taken of a fetus in ntero 0 days before a 
Caesarean operation, of the fetus in utero during the operation, after the uterus 
had been exposed and of the Infant at intervals after birth. Electrodes placed 
directly on. the exposed uterus gave a clear fetal curve without any perceptible 
maternal deflections. General anesthesia and the operative procedure produced no 
obvious change in the rate or rhythm of the fetal heart. Changes in the infant’s 
electrocardiogram during the first few weeks are recorded in serial electrocardiograms. 

Authors. 


Prinzmetal, M., Kayland, S., Margoles, C., and Tragerman, L. J.t A Quantita- 
tive Method for Determining Collateral Coronary Circulation: Preliminary 
Report on Normal Human Hearts, p. 033. 


A quantitative method for determining the percentage of collateral circulation 
between the right and left coronary .arteries is presented. 

This procedure was performed on 12 normal hearts from patients ranging in 
age from three to sixty-seven years. Collateral circulation was found in all but 
one ; the range being from 0 to 8.G per cent. The average value obtained was 
4.16 per cent. The average flow from tlie left to the right coronary artery was If). 2 
C.C., or 4.55 per cent, of the flow through the left coronary artery, while the average 
collateral flow from the riglit to the left coronary artery was 6.2 c.c., or 4.05 per cent, 
of the flow through the right coronary arterv. 

The collateral circulation wliicli has been demonstrated between normal coronary 
arteries, is ready to function immediately wlien the need arises. If a radiopaque 
substance, having a viscosity approxim.-itely that of blood, is injected into either 
coronary artery of a normal heart, tlie entire coronary artery bed is filled, further 
proving the presence of collateral circulation. If this same radiopaque substance 
IS in 3 ectea into the anterior descending or the eireumflex branch of the left coronary 
artery of normal hearts, the entire coronary artery tree is filled. It has been shown 
that coUateral vessels are sufficiently wide to permit ^lassage of erythrocytes. Tins 
proves the physiologic usefulness of the collateral vessels 
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The efficacy of the collateral circulation between the coronary arteries and its 
branches probably depends not only on the magnitude of the collateraL b^t a 
on such other factors as the size of the occluded vessel and the metabolic needs S 
the ischemic muscle. ” 

Authous. 


Robb, J, S., Dooley, M. S., and Robb, R. C.: Displacement of the RS-T Seement 
by Potassium Chloride, p. 946. 

AppUcation of potassium chloride to the surface of the mammalian ventricle docs 
not necessarily cause a greater RS-T displacement than does deep injection, 

No support is obtained for the theory that the electrocardiogram is merely the 
summation of a dextro- and a laevo-cardiogram. ’ 

When leads I and III show ES-T deviation in opposite ' directions the lesion is 
not necessarily near the septum nor is the lesion necessarily anterior or posterior. 
WTien all three standard leads show an ES-T deviation in one direction the lesion 
is not necessarily limited to one ventricle. 

It is again shown that where ‘ ‘ injuiy ” is limited to a single ventricular muscle 
band, a characteristic electrocardiogi-am results. ‘ ‘ Injury ’ ’ may be of various types, 
chilling, mechanical blows, pinching, ischemia, undue stretching, or the application 
of potassium chloride, in fact any agent resulting in the depolarization of a mem- 
brane. We have shown that regardless of the type of noxious agent, the result of 
injury localized to one muscle alone is constant in its effect on ES-T shifts in the 
electrocardiogram. 

Authors. 


Schwartz, S. P.: Transient Ventricular Fibrillation: A Study of the Fibrillary 
Process and Its Development in Man. p. 1005. 


An electrocardiogi-aphic study was made of the fibrillary process and its mode 
of development in eight patients who experienced such seizures. These records 
were compared with those obtained from animals (frogs, rats, dogs, cats and 
sheep) foEowing faradization of the ventricles, poisoning with drugs or after 
ligation of the coronary arteries. 

The preliminary alterations in the rhythm of the heart that lead to transient 
ventricular fibrillation consist of (a) an acceleration of the basic ventricular rate 
during the presence of some form of auriculoventricular dissociation; (b) the onset 
of "initial” premature beats arising from a constant focus in the ventricles as 
judged by their persistent similarity; and, (c) the development of short runs of 
irregular ventricular oscillations which increase progressively in duration and recur 
from moment to moment. 

It appears that these short recurring periods of ventricular irregularities are the 
"initial” fibrillary periods of the ventricles. They are a distinct and unique feature 
in man and have not been noted in animals. They invariably foreshadow the appeal - 
ance of longer seizures. The "initial” premature beats of the ventricles are 
associated clinically with an effective ventricular contraction which is audible at tlie 
apical region of the heart. The "initial” fibrillary periods are associated clinically 
with progressively diminishing heart sounds for the first 2 or 3 oscillation.s. The 
heart sounds disappear entirely after the fourth oscillation and because of the 
diminished blood supply to the brain, consciousness is lost if they last 20 to 40 
seconds. A typical Adams-Stokes seizure with epileptiform convulsions, apnea ani 
incontinence of feces and of urine supervenes if these oscillations last longer than 


40 seconds. „ , . r 

The ventricular oscillations that yield these Adam-Stokes seizures are of too 

distinct types. One type of deflection is uniform in character, rising and falling 
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evenly to a base line n-itb an an.plitudc of S lo 10 nnn. n,ul n fveM«oncy of i:!0 

to 300 oscillations per innnto. , on ,»>r 

With progressive asphyxia of the heart, tlic rate niaj )C 
minute. Tile QRS coinploxes arc continuous with each other so that ‘ 

are totally absent. This mechanism may be consiilcrcd as one of ventncular . ■ 
The second type consists of irregular oscillations averaging 130 to -UiO pci ininu e 
and varying in amplitude from 3 to IS mm. in height. They differ in sliape, .size 
and form as well as frequency, duration and amplitude from record to record am 
moment to moment. Periodic waxing and waning of tho height of the osci a ion, 
may be present and occasionally alternation of the vcntrienbir eoniple.xe.s may bn 
seen. They may persist as long as 0 minutes at one time and ns many as .>00 
periods liave been recorded in one patient during -i boiir.s. 

Transient ventricular iUittcr and fibrillation may be ended by a .single premature 
beat of the ventricles, a succession of these, or a run of ventricular tachycardia. 
A postundulatory pause, however, invariably jireeede.s recovery. 

Tho auricles maintain their regular rate and rhytlim during ventricular fibrilla- 
tion except in the longer periods when they may be slowed with an irregular rate 
and at times stand still because of a.sjibyxia. 

Except for the frequency and duration nnd its uunsunl transieut, rceiirreut and 
reversible nature associated with profound elinicnl disliirbanee.s, the tibrillnry proce.s.s 
in man is identical witlv tliat in animals. 


Sprague, H. B.: Syphilitic Aortitis With Aortic Eegurgitatlon: An Electrocar- 
diographic and Autopsy Survey at the Massachusetts General Hospital. ]>. .1 (>.'!•). 

A series of 22 cases of .‘'Vpliilitic aortitis with aortic regurgitation aiitop.sicd 
at the Massachusetts General Hospit.al from 102(i to 19-iJ has been analyzed with 
reference to tho electrocardiographic findings. Tlic absence of left axi.s deviation 
in the electrocardiogram suggests a complication beyond simjdo aortic dilatation with 
involvement of aortic cusp.s and separation of their commi.s.sure.s. Conditions re- 
sulting in acute, or chronically mild strain on the left ventricle, or conditions re- 
sulting in an additional strain on the right ventricle appear to be largely responsi- 
ble for the appearance of a nornml plcclrieal n.vis or a right axis doviiition. In 
cases with bundle brancli block, high degrcc.s of coronary ohstruction may be 
present, particularly of the right coronary orifice. But in one case without coronary 
narrowing, a largo aneurysm pressing on and finally perforating into tlie pulmonary 
artery was found at autopsy. It is suggested that the electrical axi.s of the electro- 
cardiogram is of more use than the S-T and T segments in inilieuting complications 
of syphilitic aortitis. 

The results of this study afford another example of tJio fact that the extent of 
disease and the presence of complications are often of more importance than nn 
etiologic factor alone in the production of alterations in the elee(ro«irdiogram. 




Steele, J. M.: Comparison of Simultaneous Indirect (Auscultatory) and Direct 
(Intra-Arterial) Measurements of Arterial Pressure in Man. ji. 1012. 

Concerning the cowp.whon of .siimillaneous measurements of arterial pre.s.-urc 

■"«' I'.v 

m .)9 individuals, it may be said that: ' ^ 

Systolic pressure was underestimated in indirect measurement by about 10 mm 
g. n the pi esent study, the indirect pressure in the brachial was compared with 
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In auscultatory teclmique tlie disappearance of sound proved to he a more 
curate measure of diastolic pressure than the sudden muffing. The fOTmer Ivor 
estimated diastolic pressure by S.S mm. Hg, the latter bv less than one 

The indirect auscuUatory method of estimating arteidal pressure is, 'considerin-. 
Its convenience and simplicity, an unusually accurate,, bedside method. 

AuTHon. 


Sussman, M. L., and Dack, S.: The Roentgenkymo^am in Myocardial Infarction 
III. Cases With Normal Electrocardiogram, p'. 1064. 

A detailed analysis is presented of IS cases of coronary occlusion in which the 
electrocardiogram returned to normal but abnormal ventricular contraction, demon- 
strated roentgenkymographieally, persisted. This indicates the importance of the 
lattei examination in cases in which symptoms of coronary disease or oeclusion are 
present but other objective confirmation is lacking. 

Authors. 


Wechsler, I. S., and Bender, M. B.: The Neurological Manifestations of Periar- 
teritis Nodosa, p. 1071. 

Seven cases of periarteritis nodosa with neurological manifestations are described. 
The most characteristic nerve disorder in this disease is involvement of single or 
multiple peripheral nerves in the extremities. Tlie nerves are usually affected in- 
dividually and at different times. Signs of central nervous system involvement are 
also present'- l3ut are never striking, chiefly because gross lesions of the brain or 
spinal ebrd in periarteritis nodosa are uncommon. Eenal damage and associated 
arterial hypertension may explain some of the sjnnptoms of brain involvement in 
periarteritis nodosa. 

Authors. 


White, Paul D., and Blumgart, H. L.: Cessation of Repeated Pulmonary Infarc- 
tion and of Congestive Failure After Termination of Auricular Fibrillation by 
Quinidine Therapy, p. 1095. 

Dr. B. S. Oppenlieimer, in 1922, in his paper on “Results with Quinidine in 
Heart Disease,” described his experience with two patients who, during the course 
of auricular fibrillation, had hemiplegia due to emboli. Both subsequently responded 
to quinidine by a change to sinus iliythm without suffering from a recurrence ot 
symptoms of embolism, either during or after the treatment. 

In further development of this same theme, we have herewith reported two pa- 
tients in whom the administration of quinidine with consequent return to normal 
rhythm was undertaken despite generally accepted contraindications. This was fol- 
lowed by abrupt and striking improvement, with cessation of pulmonary embolism 
in Case 1 and of congestive failure in Case 2. In Case 1 the improvement has 
persisted to the time of ^vl■itulg. In Case 2 quinidine was probably life-saving at 
the moment, the patient surviving nearly three years before eventual death from 
his circulatory disease. 

Authors. 


Wilson, F. N.: Concerning the Form of the QRS Deflections of the Electro- 
cardiogram in Bundle Branch Block, p. 1110. 

Multiple unipolar precordial leads have been employed in a large series of cases 
in which bundle branch block was thought to be present. In the vast ° 

instances the use of such leads made it possible to determine whetlier bundle hr. 
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block i.rcROil, uiul if wlictbor tlu- c.m.luctio.i ,lofi-ct in Ibo njjbt n, in 

the loft Inimlle brunch. . t ,„H.n ih- limb 

A ft »"> I- 

loiuls uUme nhen the QliH iiUervul meu.«iue.-< «,,pr.-cmbly Ic- tlnm ' - ■ 

When the QKS inteivul mivmls or excee.-ls this viilne, the pio.-eme o n < ■ 

!3 ilencctiou in Leml 1 imlicutes that the eomlm-lioii def.-d is on the ^ • 

The iiliHenco of sucli a tletlection imlicutes (liat tin? coniliictimi defect m on -t' 

Tile position of the IiOart has a profouinl inllnonee upon the foiia of the 
complex in limb leads. In bundle brunch block, the human iicart is U'mdl.y in Mi'd! 
u position that the potential variations of the left arm resemble tlm'e of the leM 
ventricular surface while the potential varinlioiis of tin* left Je;; aie either .-m.-iU or 
like those of the rittUt ventrieul.ar .stirfaee. AVheii the position of tiie heart i« mi- h 
that these relations are rever.-ed, left branch Mock may be miMahen for riftht branch, 
block tiinl vice versti if precorditil leads tire not taken. 

\ * t f y 1** 


Wolfcrtli, C. C.; Rclallouslilp Between Bili.try Tmct Bl.ec.a.se .nnd Iicart Di.se.tr-e. 
p. lli’t. 

Available eviilence apjs'ars to iiidi>"ate th:it tbo eo-exisleiii-e of biliary tract dis' 
ea.'-e and coronary disease is .‘•ijraiiieaiitly ttiealer tliaii is to lie etj>eeted frcmi She 
incidence of tlio two dise;ise<. Tiie cause for this co existence is not clear. There 
is no good Toa.son jit present for believiiiu tlml eoroaary diya-e eiinses biliary tract 
disease. Likewise, fiiere is no valid ex'ideiiee to suj>j>ort the view ilmt biliary tract 
disca.sc causes coroiiar.v dise.ase. It is p<e-ible that similar tnetabolic fiitills, infr'-v 
tion.s, or crror.s in the regimen of lib* may be fuetor." in the prodnciioii of both 
eondition.s but this xaew, honexer tca'-onable, is not .as yet su{i[>orled by nctiml 
evidence. 

Blliiiry tract disease and heart disease may nmh'r eertain eirciiiiist.’inees mitnic 
one another. Passive congestion of the liver may lie mistaken for gall bladder 
disca.se. The atiginal syndrome may !"• .s'imiilateil liv spasm of the digei-ttve tube. 
It i.s possible that rellexos from the lieart tnay ;i/re.-t ilie .lige^tive trsict and tlml 
reflexes from the digestivi' tract may afTecf the he.art. .\eute eorotmry fs-elnsion and 
acute upper abdominal emergeneies may furnish diflieiill problems bi differential 
diagnosis. 

The therapy of biliary trm-t disease mtiy rmpiite modilieatioii in the dife.;tinn 
of conservatism boenuse of co existing heart diso.-i;-,'. Although cardiac symptoms 
may be improved following surgery on the gall bladder, Miob improvement m-oiir.s 
in only a minority of cases. Fnrtliermore heart disease adds to the risk of ojs'ration. 
Consequently the presence of lie.art dis.-ase .shotild be looked upon more tis a contra- 
indication to operation than a.« an indication for oieralion. When, however, 
biliary tract disease threalcns life or causes dislresMug symptoias, wliich cnmmf be 
controlled by conservative treatment, it may become m*ee'--arv to nceept the risk 
of ojieration even in the jirescnce of serious heart disease. 

AfTiiii!:. 


Wright, I, S.; Bhy.sic.nl Measure.'! in the Treatment of Peripheral Vn.sciilar Dis- 
ease. p. 3128. 

An effort has been made to evaluate tin' pivsent nsefubiess of varimm i.hvsic-d 
men.sures n. the treatment of peripheral vnseulur diseases. It should be pointml 
out hat these agents reprc.sent only a portion of the whole tberapeutie, picture 
nhich also .ndudo.s the problems of tobacco, the local care of the lesions and of 
.he extronut.es, the use of drugs, typboi.l vaecine, tissue, extracts, nlcohol and ,1. 
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numerous techniques in the surgical fiehl. Anyone purporting to treat thc^c cnnrti- 
tJons must be thoroughly familiar with the entire field of therapy. 

Physical agents are, however, important and it appears well worth while to review 
their indications and contraindications at this time. Today many of tlic.^o problems 
are controversial. The final answers must await the accumulation of further clinical 
experience and experimental data. 

Author. 

Yater, W. M.; Calcification of the Pericardium and Chronic Cardiac Compression- 

Report and Discussion of Four Cases, p. 1144. 

Pour cases of calcification of the pericardium have been reported, all showing 
definite evidence of chronic cardiac compression. It is a relatively rare lesion but 
is probably always associated with sufficient fibrosis and rigidity of the pericardium 
to handicap the heart in its function. Ascites is not the constant feature usually 
thought, and symptoms of circulatory embarrassment may be slight. Partial heart 
block occurred in two of the case.s, auricular fibrillation in two, and right axis devia- 
tion in two. Operation is naturally more difficult than in the eases of cardiac 
compression without calcification. A probable tuberculous etiology existed in one 
case and a possible tuberculous etiology- in two others. In the fourth, no etiologic 
agent was suggested. 

Author. 


Miscellaneous Abstracts 

Schroeder, H. A., and Neumann, 0.: Arterial Hjrpertension in Rats. II. Effects 

on the Kidneys. J. Exper. Med. 75: 527, 1042. 

'When rats developed cardiac hypertrophy or elevation of blood pressure as a 
result of one of several methods designed to bring about arterial hypertension, renal 
vascular disease occurred frequently. 

When injury to one kidney was followed by cardiac hypertrophy or elevation of 
blood pressure, vascular lesions were found with considerable regularity in the op- 
posite one, as well as in the one injured. 

Renal lesions rarely occurred in the absence of cardiac hypertrophy or elevated 
blood pressure. 

Renal vascular lesions in rats are occasioned, therefore, by injury to one kidney 
and are usually associated with, and dependent on, the presence of arterial h.yper- 
tension. 

Authors. 


Marvin, H. M.: The Use and Abuse of the Electrocardiogram in Medical Prac- 
tice. New England J. Med. 226: 213, 1942. 

One of the principal reasons the electrocardiographic method is doing wide- 
spread harm today is that many physicians overemphasize its value and under- 
estimate its limitations. They confidently expect it to accomplish much the s. n c 
things that a surgeon expects of an exploratory lapai-otomy: that it will disc ose 
the nature of the pathologic process, reveal its exact location ''"'I 
nreat deal about the immediate treatment and prognosis. They fail to lealize tl a 
H 1 b Tinrelv a laboratory procedure, comparable in many respects with a roentgeno 
a reucocyte cTunt. As uch, Uie electrocardiogram is to be interprete 
S/L o„e“X -oi i. the ligut Of ,U. ...o olinlcl eviOo,» anU 
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other laboratory tests. Witli the exception of the arrhythmias and some cases o 
acute myocardial infarction, it is reprehensible to attempt an interpretation o t le 
eleotroeardiograin without knowing the. clinical tiiidings and the clinical ( lagnosis. 

AuTiion. 

Harris, A. S., and Moe, G. K.t Idioventricular Ebytluns and Fibrillation Induced 

at tbe Anode or the Cathode by Direct Currents of Long Duration. Am. J. 

Physiol. 136: 318, 1042. 

By use of the donor-tagged cell method for the determination of red cell volume 
in dogs, it has been shown that in the individual dog a linear relationship oxi.sts 
between the red coll volume and the jugular hematocrit over a hematocrit range of 
from 11 to 57 per cent. 

It is suggested that the total plasma volume as determined by commonly employed 
methods is not necessarily representative of the actively circulating plasma volume. 

AtJTnons. 

Irvine, A. D.: Coarctation of the Aorta. Canad. !M. A. .1. 46: 436, 1942. 

Coarctation of the aorta is one of the more rare anomalio.s of the cardiovascular 
system. Although pre.sont during infancy and childhood it usually docs not become 
manifest till adolescence or early adult life. 

The most important change occurring in the vn-sciilar .sy.'-tcm is the dcvolopinonl 
of a collateral circulation between the proximal and distal aortic segment.?. This 
is chiefly by the scapular, maniniary and intorco.stal arteries, 

Clinically, the condition is diagnosed by the bypertension in tlio upper portions 
of the body contrasted with the hypotension in the lower, coupled witli evidence of 
dilated collateral arteries. 

Sadiologicaily, the findings of smooth notching in the inferior surfaces of the 
ribs is pathognomonic. This so-callcd Rosier ’s sign is not present in all cases. It 
is due to the dilated tortuous intercostal arteries which take part in the collateral 
circulation. 

Three cases of coarctation of the aorta discovered accidentally and confirmed by 
subsequent clinical examination aie reported. 

AuTiioh. 


Book Review 


A Bibliography of Avjatio.v Medicikk: Compiled by Ebbe Curtis Hoff and John 
Parquhar Fulton, Charles C Thomas, Springfield, 1942 237 pages, 6 0‘><1 entries 
$4.00. ' 

Perhaps it is axiomatic that, in ordinary times, nothing is move tedious or loss ap- 
preciated than the labors of bibliographers and lexicographers, but the liard work that 
produced this excellent compilation will surely be rewarded, for the book is timclv 
and comprehensive, and therefore indispensable to worlcers in its field Important 
also, 18 the compilers’ thorough grasp of the fucr that the subject is not new but has 
Its roots m the work of Boyle, Bert, Torricelli, and Pascal. ’ 

The arrangement and indices leave nothing to be desired. 


Horace j\r. Ivorns. 
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educational work relating to diseases of the heart. Its activities are under 
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A central office is maintained for the coordination and distribution of impor- . 
tant information. Prom it there issues a steady stream of books, pamphlets, 
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recognition, prevention, or treatment of diseases of the heart, which are now the 
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under the editorial supervision of the Association. 

The Section for the Study of the Peripheral Circulation was organized in 1935 
for the purpose of stimulating interest in investigation of all types of diseases of 
the blood and lymph vessels and of problems concerning the circulation of blood 
and lymph. Any physician or investigator may become a member of the section 
after election to the American Heart Association and payment of dues to that 
organization. 

The income from membership and donations, provides the sole financial support 
of the Association. Lack of adequate funds seriously hampers more intensive 
educational activity and the support of important investigative work. 

Annual membership is $5.00. Journal membership at $11.00 includes a year’s 
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THE INTERRELATIONSHIP OP DISEASE OP THE CORONARY 
ARTERIES AND GALL BLADDER 

H. R. Miller, M.D., New York City 

r^OR Jialf a centiirj', at least, clinicians have insisted that more than 
■I an accidental association exists between disease of the heart and of 
the gall bladder. Throe reasons, principally, have been advanced as 
proof; (1) Anginal pain, and mjmeai'dial incompetence, signalized by 
heart failure, will undergo improvement and disappear upon removing 
a diseased gall bladder,' (2) electrocardiographic abnormalities which 
are characteristic of the myocardial damage induced by coronary 
artery disease may disappear after extirpation of a diseased gall blad- 
der, and (3) the concurrence of gall bladder disease and cardiac affec- 
tions, notably coronary artery disease, is apparently much greater than 
one would expect, even when due allowance is made for the natural or 
piedietable incidence of the disease in question at various ages. 

shOTt’jlfi P'-ovocativc, these arguments fall 

„r.h V T.f "’■'■'’J' iirfeetl, some of the earliest observ- 

ZlZvli Z ‘''0 flimsy or erroneous 

suppositious. Nevertheless, the concept of an interrelntioushm between 

dystunetion of the stall Waclcler (or other parts of the bile ^sreml 

evaluation of the loeaS on ' ? Y “Y P'™® 

nising the functlclrof ZhZ Z T'' 1"" 

^^e 0 , transmitting abnormally .■ogistereT;irfrr mietg™ L' ' 

”Y„S"a w„h ms Gr.a«.,. Vort- 
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To avoid repetition, clinical reports are omitted, except of the con- 
cnrrenee, in two cases, of disease of the coronary and bile duct systems 

I. CLINICAL ASPECTS 


1. Incidence. Coronary artery occlusion in association with disease 
of the gall bladder appears to be on the increase. This has been at- 
tributed chiefly to improved methods of diagnosis and to an increase'in 
the number of persons who survive until the fifth, sixth, and seventh 
decades ; the latter factor raises the absolute number of coronary, as 
well as gall bladder, victims. That progress has been made in diag- 
nosing gall bladder and coronaiy artery disease cannot be denied, and 
it is safe to assume that the total number of victims of both disorders 
has increased since the span of life has been lengthened. Certainly the 
decades between 40 and 70 jmars include many patients with coronary 
and gall bladder disease. In still older people, the very aged, a de- 
crescent state of the tributaries of the heart is frequently found, but 
many in this group Avill have very mild or no symptoms at all, and 
therefore are not to be classified strictly as patients Avith coronary 
disease. HoAveAmr, it is to the point that these persons may develop 
pronounced anginal attacks Avhen, as often happens, gall bladder dis- 
ease supervenes. 

Gall bladder disease in the Amry old is more frequent than is gener- 
ally susiiected. In homes and institutions for the aged, disorders of 
the gall bladder in both sexes are not at all rare. The onset may be 
sudden or slow and insidious, or it may be manifested by painless 
jaundice. Mild or moderate tenderness in the gall bladder region is 
sometimes the sole indication. In older persons, as Avell as in younger, 
the chronic “grumbling” gall bladder, even if silent for long periods, 
may continue to giAm rise to further paroxysms, and this possibility 
seems to be enhanced Aidien the eardioAmscular apparatus becomes 
affected. 


2. Diagnosis. — ^Because tlie local signs, notably pain and its radia- 
tion, are quite characteristic in each disorder, disease of the gall blad- 
der is distinguished Avithout difficulty, as a rule, from disease of the 
coronary artery system. On the other hand, the clinical asiieets of the 
general reaction may iiroAude no distinguishing clues because disease 
of the gall bladder or coronary system may induce a common, general- 


ized, autonomic response. 

(a) The General (Autonomic) Reaction.-^’ This consists of sym- 
pathetic (adrenergic) and paras.Annpathetic (cholinergic) manifcsiations^ 
To the former belong shock, cardiovascular collapse Avith attendant blood 
pressure changes, prostration, psychogenic disturbances sucli as marked 
anxiety, and glycosuria. The cholinergic features, Avhich are more con- 
spicuous Avith infradiaphragmatie disease, frequently are mamfe.sled 
by bradycardia and other changes in cardiac conduction, meteorism, 
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undue salivation, and vertigo. Fever, polyuria, 

sleeD-M'aldng ineclianism, and leucoeytosLS are also eential aiitonoi 

derangements, but they cannot be labelled as sympathetic or para- 

gvnxT) Gtic, 

Any or all of these autonomic reactions are knovm to aecoinpaiiy 
sudden involvement of the gall bladder or coronary arteries. As a rule, 
a vigorous autonomic response is associated with a sudden, eNplosne 
process in the gall bladder or coronary artery system, and milder and 
less extensive autonomic manifestations accompany or follow chronic, 
"smoldering” diseases of these organs. Yet, in these divergent states, 
the mechanism and pathways for pain may be quite similar, and, as we 


shall see, even identical. 

(b) Penn, especially its reference, is ])erha])s the single most impor- 
tant guide in differential diagnosis. It is well, however, to rc-empha- 
size that pain need not be the sole or even the chief evidence of eithei 
coronarj'’ artery oeelusion or gall bladder disease. JTowever, when it 
is present, the pain often furnishes telltale evidence. This is so because 
each organ, as a rule, will reflect pain into a related dcvmatomie area. 

Difficulties in diagnosis arise when the pain is referred to distant 
dermatomes Avhieli are not directly related to the organ priniari].y in- 
volved. Thus, Avith an attack of acute cholecystitis the pain may be 
referred into the cardiac zone of reference, namely, the left pectoral 
and forearm region; or the pain of acute coronaiy occlusion may be 
referred into the right flank. Furthermore, pain Avhieh is referred into 
the right posterior shoulder region may be thought to originate in the 
gall bladder, and really be due to pericarditis associated Avith coronary 
disease. 

Acute gall bladder disease (cholecystitis, empyema), acute pancrea- 
titis, sudden perforation of the stomach, duodenum or intestine, and 
acute generalized peritonitis are abrupt, explosive conditions charac- 
terized by pain and general manifestations Avhieh again suggest amass 
excitation of the entire autonomic system. BoavcI obstruction or me- 
chanical obstruction of any holloAv structure, such as the ureter or bile 
duct, extensive infarction of an organ, or thrombosis of large abdominal 
or thoracic vessels (including the pulmonary), or dissecting ancury.sm of 
the aorta induce pain and associated features Avhich sometimes closely 
simulate the intense anginal attack of acute coronary thrombosis.*' 

Although it is a rare occurrence, the pelvic organs, male or female 
may engender pain that finds its Avay to the cardiac region; the reverse 
of this is also true. Abdominal Ausecra act in a similar Avay, and the 
organs closest to the diaphragm cause the most pronounced effects. For 
exampl e, no other condition more closely simulates acute coronary 


viscwa'^(gau”bIacllen^®s°tomaSiVinav%ro^^^^ 

tion, and thus cause anginal pain no? coronary artery con.stric- 

'svill account for all instances of E-oil hiTrMor Of h°"'^yor, whether such .a reflo.Y 
dermatomes. The principle of "over-lapping” afferpnfhnmti'co into the cardiac 

be excluded (see II). lapping aiteient impulses, it seems to me, cannot 
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thrombosis than esophageal herniation. Upper abdominal organs possess 
a double and full innervation (sympathetic and parasympathetic) and 
perhaps also a more diffusely deA’-eloped system of visceral aiferent 
fibers. Organs loAver in the celomic cavity are not as well developed 
in this respect, and this may account for the fact that they rarely act 
as sources of explosive attacks. 

Electrocardiographic evidence, also, may sometimes be quite mislead- 
ing, in at least one of two ways : acute coronary occlusion may fail to 
cause electrocardiographic changes in the ensuing week or two, or not 
at all; or an acute gall bladder attack maj^ be accompanied by electro- 
cardiographic changes Avhich are suggestive of myocardial infarction. 

3. Clinical Groups . — In a general way, the clinical material which 
exemplifies the interrelationship between gall bladder and coronary 
disease falls into three groups. 

Group 1 consists of patients ivho develop acute disease of the gall 
bladder which simulates acute coronary occlusion, or vice versa. In 
both eases the general constitutional (autonomic) reaction is likely to 
be violent and widespread, and practically identical. Differential diag- 
nosis on the basis of the common general reaction therefore will not be 
possible. Nor will the usual guide Avith respect to the site and refer- 
ence of pain be aAmilable, for the pain may be transmitted by acces- 
sory afferent pathvmys. 

Group 2 comprises patients who develop acute coronary occlusion 
and gall bladder disease almost simultaneously, or within a few hours 
or days of each other. This problem is not one of simulation or over- 
fioAv of manifestations from the organ invoh’-ed to the other viscus. 
Tavo organs are acutely implicated, giAung rise to common signs and 
symptoms. Although it is decidedly less frequent than that of Group 
1, this set of circumstances is not rare. Summaries of tAvo illustrative 
cases are cited. 

Case 1. — L. M., 68 years old, who was in excellent health, was suddenly seized, soon 
after an evening meal, with agonizing upper epigastric and precordial pain. Shock 
and cyanosis came on at once, and the cyanosis persisted even when oxygen was ad- 
ministered. During the subsequent four days he had recurrent attacks of severe 
precordial pain, associated with bloody, frothy sputum; there were also attack.s of 
peripheral, as well as cardiac, collapse, and of transient auricular fibrillation. De.«pite 
negative electrocardiographic tracings on the 2nd, 8th, and 16th days, the possibility 
of coronary occlusion could not be excluded. Dive days after the onset of the ill- 
ness he developed mild jaundice which was at first attributed to pulmonary changes 
attendant upon infarction. The jaundice steadily deepened, and a tender gall blad- 
der mass became palpable. Fever and leucocytosis continued, and the temperature 
ranged from 102° to 103° on the tenth day. Surgical opinion held that the primary 
disease was either acute pancreatitis or acute cholecystitis with cholangitis. Laparot- 
omy revealed acute cholecystitis. The patient succumbed to an attack of heart failure 
on the following day. Autopsy disclosed recent cholecystitis, extensive recent mjo^ 
cardial infarction, and recent thrombosis high up in the left descending coronari 

artery. 
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CASE 2.-H. 0., OG yours olG, was su.lclcnly seizod ^vith hAonso pvoearam! V^iu. 
sl.ocU, ana fever. Acute coronary occlusion was aiap;nosod. On the following dsiy. 
a -sugsestive-' cl.ill and a te.nperatnre of 105“ developed; the liver suddenly en- 
larged until it extended about 2 finger brcadtlia below the free costal margin, and the 
crull bladder beeaiiie readily palpable and very lender. Operation was postponed be- 
cause of the serious cardiac condition. The gall bladder disease subsided gMiidually. 
but the feature.s associated with myocardial infarction }iersistod for about four 
months. Tlie electrocardiogram feu weeks after the onset of the attack showed a 
sharply inverted T,. 


Group 3 comprises patients with chronic disease of lioth organs oi 
systems. The autonomic reactions vvitli rc.spoet to lioth orgiins maj’ he 
almost identical, but llie clinical inanilcstiitions of the somatic iiltcia- 
tion in the organ (or .system) may well serve as a reliable basis for 
differential diagnosis. For cxamjile, the train of clinical events in 
slowly developing myocardial infarction is goncfJilly nnmisljiltable 
from that of cholelithiasis or other causes of obstructive jaiindice. 
However, the respective and eliaractoristic general clinieiil manifesta- 
tions may be lacking or minimal. Confusion in diagnosis may tlion 
arise, particularly if pain is referred by “ovcrla])])ing'’ aficrenl jiatli- 
ways into atyjiical dcnnalomic jiroas. 

Closely allied ai'o certain ca.ses in wliicb there are chronic recurrent 
manifestations with pain in many organs and relaled dist riels of tin- 
body. These sufferers are freiiucntly bruslied a.side as nein'otie, or 
become the uufovtuuatc sub.ioets of re])eated and fnlile ojicrations. 
They are persons, we strongly suspeet. whose afferent conducting pjith- 
tvays are diffu.so, thus rendering po.ssiblc the projection of piiin from 
one viscus into the dermatomie areas of midtiple organs. 


II. THE MECHANISMS AND ROUTES OF VISCERAL nEFF.RRltD MAIN 


3. The Dual Sijstcm of Paihmni.s Commonly Involved— Two inde- 
pendent nerve pathways cooiierate in the in-ojiagation of ref eri-od visceral 
pain. Impulses of pain, for example, Avhich originate in the heart, coro- 
nary ve.ssels, or aorta are transmitted itito the upper loft, thoracic spinal 
cord segments (T 3, to 4) by corre.sponding afferent (sympathetic) 
visceral fibers. At those levels, afi’erent somatic nerves (the upiter 
interco.stals) are brought into action, and Ibe.se, togelbor with tlie vis- 
ceral fibers, function to refer pain into complementary related derma- 
tomes. As is well known, tbe.so dermatomes consist of the left infra- 
clavicular or pectoral region and the inner aspect of the left arm. 
The reference of pain from organ.s otlier tlian the Iiearf into related 
dermatomes is accomplished by a similar eof unction of visceral and 
somatic afferent neurons. 


In most persons the visceral afferent neurons converge predomi- 
nantly upon a limited group of dor.saJ root.s at a particular cord level 
and thus come into relation tvith a corresponding restricted group of 
afferent somatic fibers. In the ease of tlie heart, the prepoi^Wee 
and convergence of entry is at the levels T 1 ,o 4 on tlie left sid^X' 
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the gall bladder the levels are approximately T 8 and 9 anr? n i 
7, according to Head- T 9 and 10, according to Kappis^ and ? 
and on the ijght aide Tins father well-defined concentraUon ofrfer 
ent Tisceral fibers makes it possible for each organ to refer pah, , We a 
IS engendered in it to the related surfaee zones, and this enables ! 
physieiai, m the majority of eases to reeognize the site of visceral ,w 
according to the complementary dermatomes that are implicated' hi ■' 



Pig. 1. — (From Angina Pectoris by H. R. Miller, Grime anfl Stratton, New York, 
1942. Reprinted by permission of the publishers.) This is a schema of groups of af- 
ferent fibers capable of transmitting referred anginal pain. (1) Represents the 
usual, well-recognized, sinistral group entering the Th 1 to 4 cord segments tlirough 
corresponding white rami; (la) is a similar dextral group much less frequently in- 
volved. (2) Represents upper left cervical fibers going from upper cci-vical ganglia 
to corresponding cervical cord segments: (2a) similar de.xtral fibers. (3) Represent.^ 
lower thoracic fibers going from the lower thoracic ganglia to corresponding cord 
levels; (3a) dextral fibers. (4) Represents the pathway of cardiac afferent fibers 
in the left vagus destined for the medulla: (4a) a similar pathway on the opposite 
right side. (5) Represents the patliway of vagal cardiac afferent fibers whicli ends 
in the superior cervical sympathetic ganglion; (5a) a similar patliway on the op; 
posite right side. (6) Not included in the drawing is the posterior group of >’anu 
connecting the upper thoracic sympatlietic chain to tlie cardio-aortic plexuses. ( i ) 
Also not included are the sympathetic fibers from tile vertebral plexus, entering tlio 
cervical plexus and sending communications to the ansa of Vieussens. Tlie yortebnu 
plexus is generally not accepted as an afferent pathway for cardio-aortic pain. 


recently, Ashkenaz^ lias demonstrated that the gall bladder is con- 
nected to the nenraxis by afferent pathways which are far more nmner- 
ons than we were formerly led to believe, namely, from T 3. to 12, and 
even lower, on the right side, and from about T 5 to 10 on the left side. 
The entry of afferent impulses from the gall bladder, which is nsnall.i 
restricted to T 8 to 10 on the right, may therefore readily include many 
more segmental levels on both sides. 
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Fig. 2. — The pathways for referred pain from the gall bladder into the c.ardlac 
territor>-. (From Angina Pectori.s by ll. 11. Miller, Grime and Stratton, New York, 
1942. Reprinted by permis.sion of llio publlslier.s.) 

The gall bladder has many afferent abcr.s entering alrno.st every level of the 
thoracic cord on the right side and a number of upper levels on the loft side as well. 
The cardiac afferent fibers have their usual cnti-j' Into the upper four thoracic seg- 
ments of the left side. The radiations of gall bladder and heart disease are. there- 
fore. as a rule, distinctly apart and registered In characteristically different areas of 
the body. IVhen gall bladder pain is referred into the cardiac territory, wo may ex- 
plain it, on the basis of an arrangement of fibers illustrated above. The predominance 
of entry of afferent fibers from the gall bl.addcr Is Indicated as on the Irjt side of the 
upper thoracic cord, the zone In which anginal referred pain Is mediated. The same 
scheme would hold if the mediation were in dorsal ganglia or roots. 


other worcls, ouLside the zone ot the cord ivliich rcceive.s the coiieeni ra- 
tion, i.e., the bulk of fibers. Usually, the accessory fibers are too few or 
too diffuse to carry an appreciable quantity of pain impulses. In certain 
persons, however, one or more oi’gans may lack a concentration of affer- 
ent visceral fibers for any .sharply defined segmental zone of the cord. 
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The arrangement of afferent fibers with respeet to any viseus 
eoneentrated or diffuse, represents a fundamental anatomic pLtte,.,. “ 
each ease. When tins pattern laehs a preponderance of entry into the 
cord, or when, for some reason the zone of concentration (the -loZ 
neck in the ease of the heart innervation) is interrupted or destrme.l' 
the burden of afferent conduction may be thrown upon the aeces otw 



Fig:. 3. — The pathways for referred anginal pain into the gall bladder region. 
(From Angina Pectoris b.y H. R. Miller, Grune and Stratton, New York, 1942. Re- 
printed by permission of the publishers.) 

This drawing illustrates the arrangement of afferent fibers that would prevail in 
those cases when anginal pain is propagated into the gall bladder region. 

The cardiac afferent fibers are drawn here as predominantly dextral, and over- 
lapping the entry zone of the main group of afferent fibers from the gall bladder. 


groups of fibers. Fig. 1 is a schema of the accessory groups which are 
concerned with cardiovascular pain, and illustrates the principle that 
transmission of pain from a viscus can take place by specially concen- 
trated groups of fibers or by ditfuse pathways. 

This principle of an uncommonly prominent participation on the part 
of accessory visceral fibers may be invoked to explain the reference of 
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pain ^rom one ov^ran into the other. F<.r example, when eardiae imin 
is referred into the dermatomes related to the pall bladder, the jefei- 
ence is by means of aceessory fibers which leave the heart and po to 
cord levels that are concerned with the mediation of pall bla(bl('r pain. 
Conversely, a similar mechanism operates when pall bbnlder pain is 
referred into the dcrmntomic territory which is commonly the recipient 
of cardiac pain. Fips. 2 and 3 illustrate these mechanisms. A l•ommon 
mcchnni.sm accordinply underlies the reference. 


CONOl.n.siON'S 


The promise of an interrelationship between disease of the pall bladder 
and the coronary arterial system rests upon evidence that (1) a common 
pcncral autonomic reaction is .set ofi in each disorder, ami that (2) a 
common mechanism and afi’crcnl jiathways arc broiipht into action when 
the referred ]iain of coronary occlusion simulates that of pall bladder 
and hile duct affections, or vice versa. 
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AURICULAR FLUTTER ASSOCIATED WITH BIZARRE 
QRST COMPLEXES 

J. Scott Butterworth, M.D., akd Charles A. Poindexter, ]\I.D. 

New York, N. Y. 

A uricular flutter is a conunon and, for the most part, easily 
• diagnosed condition. Clinically, a fast heart rate, with rapid 
auricular pulsations of the neck veins, serves to make the diagnosis. 
Electrocardiograms show the regular auricular waves, at a rate of about 
300 per minute, which give the base line a characteristic “saw tooth” 
appearance. 

When the auricular flutter, however, is accompanied by changes in 
the ventricular complexes, it is not as easily recognized in the electro- 
cardiogram. During the past three years several electrocardiograms 
which showed very fast rates and bizarre wave forms have come to our 
attention. These were variously diagnosed as nodal rhythm with bundle 
branch block, ventricular tachycardia, auricular tachycardia, etc. In 
studying these tracings we have come to the conclusion that many of 
them are records of auricular flutter with a superimposed deformity of 
the QRST waves which obscures the auricular flutter waves. 

In 1916, White and Stevens'^ reported a case of paroxysmal 1:1 
auricular flutter in which, after a very few minutes, aberrant ventricular 
complexes developed, with subsequent return to normal rhythm. They 
thought that the aberrant ventricular complexes represented exhaustion 
of part of the conduction system. An interesting case oh 2 :1 auricular 
flutter was described by Cutts and Roberts,- in 1938. In this instance 
alternate ventricular beats shoAved a Avide QRS complex of the left 
bundle branch block type. The rhythm eAmntually returned to normal, 
Avith normal Anntrieular complexes. Gupta and Sinha® have recorded 
a case of “auricular flutter AAuth a paroxysmal A’^entricular tachycardia 
shoAving reversion to normal rhytlun.” From a study of their published 
tracings Ave feel that they are more likely examples of auricular fluttci 
Avith interventricular block. Szekely^ reports the case of a 43-year-oId 
man aa’Iio aa'rs suffering from attacks of tachycardia after posterioi 
myocardial infarction. These electrocardiograms are difficult to analyze 
from the published data, but are A'cry similar to some of the tracings 
included in this paper. 

Recent texts on electrocardiography make little or no reference to 
auricular flutter associated A\uth block of the A'cntricular conduction 
system. Graybiel and Whitc'^ shoAv Iaa'o instances, but in each case tie 
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BU'i'TERWORTH AND POINDEXTER: AURICULAR PLUTTER 
deformity of the ventricular compkx is insufficient to obscure the flutter 


Because we feel that in many instances this type oE eleclroeardiogram 
may be unrecognized, we are reporting the following eases which are 
illustrative of the condition. 



Case L. Tliis GS-yeai-old man was referred from another hospital for an 

electrocardiogram (Fig. 3, A). Because we were not certain of the diagnosis the 
procedure was repeated one week later (Fig. 1, B). At this time an increase in the 
A-V block had occurred, and, during these intervahs-, definite flutter waves could be 
seen. There was otherwise no change in the second electrocardiogram. Unfortunately 
we were unable to trace this patient and nothing is known of his clinical course. ^ 

Case 2.-L. M. This patient was a C7-year-old man. He had suffered from 

diagnosis of syphilitic aortitis had been made. Prior 
to 1935 numerous electrocardiograms had been perfectly normal. Fig. 2, A shows 
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the electrocardiogram during an attack of tachycardia in 1935, and Fig. 2, B, a 
similar attack in 193G. Shortly thereafter the patient died suddenly in his home, and 
no post-mortem examination was done. We believe that both of these tracings show 
auricular flutter with interventricular block (left bundle branch block type). There 
is also a variable degree of A-V block. In Fig. 2, A it is rather regular, and 
alternates between a ratio of 2:1 and 3:1.- 

Case 3. — R. L. K. This G7-year-old man was seen .shortly after the onset of an 
attack of tachycardia which followed acute posterior myocardial infarction. Fig. 3 
show.s the electrocardiogram which was taken during this attack. Fig. 1 .shows later 
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electrocardiograms on this patient during a period of normal rhythm and during 
another attack of tachycardia. In the latter case it is obvious that auricular flutter 
with 2:1 block is present, plus a deformity of the QRS complex.^ Going back to 
Fig. 3, one can see the similarity, and it becomes apparent that this is a record of 
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auricular flutter, with a deformity of the QES and T waves caused by acute myo- 
cardial infarction. This patient has remained well, but continues to have attacks o 
paroxysmal auricular flutter. The form of the QES and T remains unchanged. 

Case 4.— J. N. This 56-year-old man was admitted to Welfare Hospital because of 
chronic pulmonary flbrosis. An electrocardiogram shortly after admission showed 
mg. 5) auricular flutter with a wide QRS complex of the right bundle branch block 
type. It was only when the 2:1 block increased to 3:1 and 4:1 that the under- 
lying flutter waves could be seen. Repeated electrocardiograms on this patient have 
shoivn several interesting changes. The first was a return to normal smus rhythm, 
with the same QES configuration. Then, for a time, the QES complexes also became 
perfectly normal, and now the patient again has a right bundle branch block with 
sinus rhythm. 

DISCUSSION 

It is clear from the above illustrations that the diagnosis of auricular 
flutter in the presence of deformed QBS complexes is difficult only when 
the ventricular rate is rapid. Thus, it is probably a wise procedure in 
cases of tachycardia to apply carotid sinus pressure ivhile the electro- 
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cardiogram is being recorded. In our experience, nodal tachycardia 
rarely, and ventricular tachycardia never, is affected by this form of 
vagal stimulation. Anricnlar tachycardias will often terminate, and in 

^tto vilT'" sufficiently to reveal definite 

oi the T waves seems to interfere with the interpretation Also the 
changes in the S-T segment after acute myocardial infarction may cal 



592 


AJIERICAX HEART JOURNAL 


difficulty, particularly with posterior lesions, when the changes pre- 
dominate in Leads II and III, for it is also in these leads that the 
auricular flutter waves are usually best seen. 

As a general rule, ventricular tachycardias show a very constant wave 
form, whereas tachycardias caused by auricular flutter, with deformity 
of the QKST complexes, often show variations in the QKST complexes 
from beat to beat because of interference by the flutter waves. "We 
have also found esophageal leads from the auricular level very helpful in 
the interpretation of this tyiie of tracing. 


SUJniARY 

"We have called attention to the difficulty of diagnosing auricular 
flutter in the presence of wide or atypical QRST complexes. In such 
cases the flutter may be mistaken for ventricular tach.yeardia. For 
proper therapy this differentiation is important. 
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THE INFLUENCE OP POSTURE ON THE 
ELECTROCARDIOGRAM 


H. S. Mayerson, Ph.D., and W. D. Davis, Jr., B.S. 

New Orleans, La. 

F or- a mimber of years Ave have been making a comprehensive 
investigation of the eardiovasenlar adaptations Avliieh accompany 
the change from the horizontal to the upright position.^ In most of 
these experiments the shift in position has been accomplished passively 
liy means of a tilting table; the subject was suspended in such a 
manner as to eliminate all Aveight-beariug on the extremities. By thus 
minimizing the influence of muscular movements in aiding venous 
return against gravity, the strain on the circulatory system is accentu- 
ated and the consequent variations are accelerated. It soon became 
apparent that the subjects fell into three groups: (a) those Avho 
showed an accelerated pulse rate, a rise in diastolic pressure, and little 
or no change in systolic pressure, and Avere able to maintain the upright 
position under these conditions for relatively long periods (tAventy 
minutes or more) Avithout discomfort; (b) those Avith a more marked 
tachycardia and rise in diastolic pressure, and often a fall in systolic 
pressure, aaJao usually fainted Avithin this interval of time; and (c) 
subjects Avho, in spite of marked tachycardia, SAveating, pallor, and 
lightheadedness, did not actually faint during the experimental period. 
A close correlation was found to exist betAveen the level of muscular 
tone and the ability to maintain the upright lAOsition Avithout deA’’elop- 
ing signs and symptoms of syncope.^'* 

That the electrocardiogram of the normal subject Amries Avith posture 
is a long recognized fact. Depression of the T AvaAm has claimed par- 
ticular attention — a phenomenon for Aidiich Amrious explanations haAm 
been proposed. Recent studies suggest that the alterations in the elec- 
trocardiogram in the upright position are caused chiefly by changes in 
the contact betAveen the heart and neighboring tissues.^ There is still 
the question of the role of anoxemia of the heart muscle as a possible 
factor.® Since the tendency to faint, as it occurred in our experiments, 
Avas due to cerebral ischemia occasioned by a diminished cardiac out- 
put consequent to decreased venous return, it appeared probable that 
an electrocardiographic study of our subjects might indicate AAhether 
or not there Avas also a concomitant cardiac anoxemia. 


Ten liealtliy adults, students and stafE members, whose ages ranged from 
twenty-one to forty years, served as subjects. Four of these were classified as 
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"fainters” because thej' were unable to maintain the upright position for twenty 
minutes; four showed little or no embarrassment during this period; two were 
classed as intermediate. The group of fainters included a member of the football 
team, a former football plaj-er, and a former member of the college boxing squad. 
The usual procedure was to take a control set of tracings with the subject in the 
horizontal position after a rest of at least fifteen minutes. Each set comprised 
the three standard leads and Lead IV F. As soon as the control electrocardio- 
grams were completed, the subject was tilted, feet down, to the upright position 
(75°), and a second group of records was obtained. Four additional sets of trac- 
ings usually followed at five-minute intervals; the subject was returned to the 
horizontal position at the end of about twenty-three minutes. When syncope 
seemed imminent during this period, tracings were made before the blood pres- 
sure fell appreciably'. Electrocardiograms were taken as soon as possible after 
the return to the horizontal position, as well as five and ten minutes later. Except 
in one instance, each subject was studied on at least two separate occasions. 

All records were measured as suggested by Ashman and Hull.-i The areas of 
the tracings were measured planimctrically after the records were projected to a 
magnification of approximately four times the original size. 

RESULTS 

P ivave . — The changes in were difficult to evaluate quantitatively 
because of the normally low voltage of the P wave in this lead, but there 
appeared to be a trend towards a slight decrease in height, beginning 
with the assumption of the upright position and continuing until the 
horizontal position was resumed. The clianges in Po were mucli more 
definite; the voltage usually increased immediately after the subject 
was tilted. In some experiments the voltage continued to rise, and 
reached, at the end of about ten minutes, a maximum value which was 
approximately double that of the control. In other instances, the maxi- 
mum was not attained until the end of the F. D. (feet down) period. 
In five experiments, the initial rise Avas folloAved by a return to the 
control IcAml after fiA'e or ten minutes; there Avas no further change 
during the P. D. period in three cases; in the remainder a secondary 
rise took place tOAvard the end of the period. The resumption of the 
horizontal position Avas succeeded in most instances by a quick return 
to control A'oltage A'alues. In one experiment, Avhen the subject Avas 
tilted back to the horizontal, there occurred an immediate rise in 
voltage similar to that observed AA'hen he Avas raised to the F. P. position. 

The most striking changes AA'ere observed in Lead III, in Avhich tilting 
produced a marked increase in height in seventeen of the nineteen ex- 
periments (Fig. 1). This increase A\'as usually maintained throughout 
the F. D. period, and the A'oltagc at the end AA’as at least tAviee that 
before or after tilting. Tavo subjects of the athletic l.A’pc, one a fainter 
and the other an intermediate, shoAA'cd a diphasic P,, in the horizontal 
position AA'hich became more po.sitiA’e AA'hen the upright position A\’as as- 
sumed. The diphasic character per.si.stcd in the tAVo experiments on each 
subject; in the second case the aa'oa'c became entirely positive and ap- 
proached the upper limit of normal A'oltage (0.20 mA-.). In tivo sub- 
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jecls there occurred a slight retardation of the upstroke of the wave and 
an acceleration in tlie speed of the down stroke, producing a seythe-like 
curve which became more pronounced as the tilting period was pro- 
longed, and disappeared on return to the normal position. In two other 
subjects who evinced notciiing of the ascending liml) of P.., when they 
were in the horizontal position, the notches became more eonsiiicuous 
during the P. D. period. 
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Pig. 1.— Subject J. A. G. Stlicnic bullil. Intermediate. A. Control observation.*! In 
the horizontal position; B. P. = li-I/70; P. R. = SO ; rcsi). = 22/mln. R. Immedi- 
ate] v after tilting; B. P. = 121 /S2: P. R. = 107; resp. = 22/niin. C. Ten mlnutc.s 
after; B. P. = 11S/S2; P. R. = 111; re.sp. = 20/mln. D. Twent.v minutc.s nftor; B. 
P. = 122/Sl ; P. K. = 1.72; resp. = 22/mln. A’. Control immediately after return to 

the horizontal position; B. P. = 112/78; P. R. = 01; re.sp. = 21/min. At C subject 
pale and su'eating profu.seIy; at D liglithcnded. 


P-R interval and segment . — Assumption of the F. D. position was ac- 
companied in all but two cases by an immediate and jirogrcssive .shorten- 
ing of the P-R interval, amounting, at the end of ten minutes, to 10 to 
20 per cent. This change was associated, but not correlated, with a 
variable and often decided increase in pulse rate. The lack of correla- 
tion was particularly evident in connection with the variations on the 
return to the horizontal position. At this time there was a bradycardia, 
particulaxdy noticeable in the fainters (Fig. 3), but in only two eases 
was the P-R interval increased beyond control values. 

Changes in the P-R segment were, for the most part, correlated with 
those in the P waves: a depression of the segment accompanied an in- 
crease in P„ or P 3 . This depression, which may be interpreted as the 
auricular T wave, was also prominent in those cases in which diphasic 
P waves were present, and tended to become positive or isoelectric. 

QRS coniplerc.— Assumption of the F. D. position, in the inajority 
of eases, resulted in an immediate decrease in the voltage of R. and R, 
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no consistent variation in R„, and an immediate increase in R 3 (Fig. 1 ). 
Tliere was little further change during the F. D. position, except that R^ 
in the fainters was likely to show an additional, sliglit decrease. Three 
of these fainters gave evidence of an immediate, small decrease in Rg. 
Four athletic subjects (two fainters and tAvo nonfainters) exliiljilcd slur- 
ring or notching of the R Avaves in one or more leads. With the assump- 
tion of the F. D. position these slurs and notches, Avliich often became 
more prominent, shifted in a countci’clockAvisc direction (Fig. 2), and 
the shift, in several instances, increased progressively during the F. D. 
period. 



Fig. 2.— Subject T. G. Athletic build. Quarterback on football team. Fainter. A. 
Control observation.s in the Iiorizontal position; B. P. = 110/72: P- n. — <“I 
— IT/inin. JJ. Immediately after tilting; B. P. = 11S/7S; P. P- = 1 ~ o'o'. 

min., sliallow and abdominal. O. Ten minutes after: B. P. = 

resp. = 2i/min. D. Twenty-tliree minutes after; B. P. = 103/SS ; P. R. — I'y. 
resj). =r 11/min., very deep. E. Control immediately after return to the horizontal 
position; B. P. = 122/SS: P. R. = (iO ; re.sp. = 12/min. Subject dizzy at G; at E 
showed dry mouth, frequent swallowing, slight twitching ; blood pressure sounds 
difllcult to hoar. Almost fainted as table was being tilted back to horizontal. 


Tilting resulted in a decrease in the height of Qi or an increase in Sj, 
Avhereas Qg Avas generally increased and Sg decreased. With one excep- 
tion, the fainting sub.ieets rcA^ealed an increase in Q^; one suh.iect also 
.shoAA'cd a rise in So. The changes in So AA'orc generall.A’' iiiconsislent; >S., 
Avas usually increased. The net area of QRS in Lead I diminisliccl 
markedly Avhen the upright position AA^as assumed, and continued to 
diminish; the A'alues in eight experiments Avere less than 40 per cent of 
the control value after fifteen minutes of the F. D. jieriod. No uniform 
differences Avei’c ohsci’ved in the area in Lead IT, although the duration 
of QRS inclined to dimini.sh. The alterations in Lead III Avere likeAvisc 
variable, but, in general, the areas characteristicall.A' increased on tilting; 
in several experiments they Avere OA’cr fi\'e times those of the control. 
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The area of QRS in Lead IV F definitely decreased. Calculation of the 
mean electrical axis of QRS from the areas in Lead I and Lead II 
showed deviation to the right in seven of the ten subjects (Fig.^ 4), no 
consistent variation in two subjects, and left axis deviation dui-ing the 
F. D. position in one of the fainters. 

T wave . — ^With the exception of two experiments in which there was 
no change in Lead I, 'the records shoived a striking decrease in the 
amplitude of the T wave in all leads. T„ was inverted in four experi- 
ments on two subjects (one fainter and one nonfainter), and Tg was 
inverted in all but three experiments. In many cases these changes 
were progressive during the F. D. jiosition (Fig. 3) ; the T wave re- 
mained depressed when the subject ivas returned to the horizontal 
position, but increased to greater than normal value five minutes later. 
This was particularly true in the records obtained from the fainters. 
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Pig 3. — Subject P. P. C. Sthenic build. Former member of boxing team. Painter. 
Lead III.' A. Control observations in the horizontal position; B. P. = 122/84 - P. R. 
= 58 ; resp. = 10/min. B. Immediately after tilting ; B. P. = 11S/S4 ; P. B..' = 68 ; 
resp. = 10/min. C. Five minutes after tilting ; B. P. =: 122/90 ; P. R. = T2 • resp. 
== 12/min. D. Ten minutes after; B. P. — 120/92; P. R. = 75; resp. = 14/min. JE. 
Plfteen minutes after; B. P. = 120/94; P. R. = 79; resp. IS/min. F. Twenty-four 
minutes after; B. P. = 120/110: P. R. = S3; resp. = 16/min. ff. Two minutes after 
return to the horizontal; B. P. = 118/80; P. R. = 57 ; resp. = S/min. H. Seven 
minutes after; B.- P. = 120/72; P. R. = 00; resp. = l2/min. Mouth dry, light- 
headed, at C. At F fine tremors and twitching, particularly at shoulder, profuse 
sweating and imminent syncope. 


Ill othei: instances the T waves were still lower than normal five min- 
utes after the return of the subject to the horizontal position. These 
changes in the T wave were usually aeeomiianied by a depression of 
the S-T junction whicli often amounted to more than 0.10 inv. in Leads 
II and III. There was also a propensity toward shortening of the dura- 
tion of the S-T segment. With the exception of four experiments, 
there was a close correlation between the changes in the area and in 
the amplitude of the T wave. In these cases the appearance of the 
waves suggested that this was caused by an upward deviation of the 
S-T segment, ivhieh enclosed the same, .or a slightly greater, area in 
spite of the flattening of the T wave. Calculation of the mean axes of 
the T wave indicated a definite left axis deviation which was much 
more pronounced than, and in the opposite direction to, the right axis 
deviation of QRS mentioned above. The difference in the direction of 
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the axes increased progressively, so that, at the end of the F. D. period, 
it was often well over 100° (maximum 161.5°) (Fig. 4). 

The area of the ventricular complex, QRST, tended consistently to 
diminish in Leads I, II, and IV F, and changed progressively during 
the F. D. period in some eases. Two nonfainters uniformly manifested 
an increase in the area in Lead III, but one gave no evidence of any 
significant change. The rest of the subjects evinced a definite decrease 
on being tilted, and a characteristic increase again at the end of ten to 
fifteen minutes of the F. D. period. Calculation of the mean axes 
(ventricular gradients) revealed deviations either to the right or to 
the left; the direction of the shift Avas roughly correlated with the 
changes in the QRS and T axes. In those cases in Avhich the T axis 
changed slightly, the QRST axis Avas usually prone to shift to the 
right Avith .the QRS axis ; Avheii the T axis varied appreciably in direc- 
tion, the QRST axis A^eered to the left. 



H.LB INTERMEDIATE 



J.E.G. FAINTER 



HORIZ. 



E.B.E NON-FAINTER 
TILTED TO 75' 



HORIZONTAL 


Flpr. 4. — CImnges in mean axes of ventricular cleaections in Uie upright poslUoii. 
Solid line = average QRST axis (ventricular gradient) ; dashed line — average QKo 
axis ; dotted line = average T axis. Control values are given in 1 ; 2 to G represent 
values, calculated from electrocardiograms, taken immediately, nve, ten, flfteen, anu 
twenty minutes, respectively, after tilting; 7 and 8 arc values immediately and live 
minutes after return to the horizontal position. 


DISCUSSION 

The results described aboA'e suggest that there are tAvo phases of re- 
sponse to the alteration in posture. When the subject is tilted to the 
upright position there is an immediate readjustment of the anatomic 
axis and a consequent reorientation of the electrical fields surrounding 
the heart. The right axis dcA'iation AAdiich occurred in most of our 
experiments implies an anteroposterior rotation to the right, Avith a 
counterrotation to the left around the longitudinal axis,® This rotation 
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modifies the contacts with neighboring structures,® and may account, 
in part, for many of the changes, particularly those in the QRS com- 
plex immediately after, or soon after, the upright position is assumed. 
The subsequent variations during the maintenance of this position, 
however, cannot be explained in this Avay, for it is improbable that 
there are any further significant shifts in the position of the heart. 
These must reflect primarily the res}3onse of the cardiovascular system 
to the influence of gravity. 

Among the factors in this response Avhich might conceivably influ- 
ence the electrocardiographic pattern are a decrease in venous return, 
changes in the rate and/or dexith of respiration, and increased sympa- 
thetic activity. Alterations in heart volume do not seem to exert any 
significant influence, for the changes in the T wave persist after the 
return of the subject to the horizontal position, when the increased 
A^enous return unquestionably re.snlts in a larger heart Amlume. Al- 
though the alterations in the form of the T Avave during the F. D. period 
bear a marked resemblance to those caused by the induction of anox- 
emia in normal hearts of the same age group," the existence of actual 
anoxia of the heart muscle is questionable. Our failure to obtain more 
significant and consistent differences betAveen the fainters and non- 
fainters, and the relatively quick return to the normal pattern after 
the subjects Avere returned to the horizontal position present arguments 
against this point of vicAv. No correlation Avas found betAveen respira- 
tory and electrocardiographic changes. On the other hand, some 
degi'ee of correlation Avas observed betAveen the increase in .sympathetic 
acthdt}' and the electrocardiographic changes. The assumption and 
maintenance of the F. D. position Avere usually accompanied by a fall 
in skin and .subcutaneous temperatures, a rise in diastolic pressure, 
and a tachycardia Avhich Avas often progro.ssive.'"’ Fainters frequently 
shoAved marked pallor and profuse SAveating. Nordenfelt® injected 
ergotamine into standing subjects and found that the usual postural 
changes in the electrocardiogi-am were thereby diminished or entirely 
eliminated, even though profound circulatory changes, leading to syn- 
cope, Avere taking place. Analysis of our data supports his conclusion 
that the strong sympathetic stimulation, Avhicb occurs as a compensa- 
tory response to the diminished A'enous return and the tendency to 
cerebral anemia (and anoxia), is a predominant factor in the produc- 
tion of the electrocardiographic deviations brought about by the up- 
right posture. 

The changes in the direction of the mean electrical axes indicate 
that, in addition to changes in conductivity, there are local variations 
in the excitatoiy process, and that these are determined by factors 
Avhich are acting upon the same or different parts of the ventricular 
muscle with different intensitie.s.» The nature of these factors is un- 
knoAvn, but they may possibly, in these experiments, be associated Avith 
the relative increase in sympathetic over parasympathetic activity. 
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The decrease in the QRST area and the change in the direction of the 
axes, associated -with deviation of the QRS axis to the right, suggest 
the following explanation of the T-Avave changes in terms of the con- 
ventional vector analysis. 

The QRST area may be regarded as representing a sequence of 
rcpolarization which differs from that of depolarization, and/or an 
independent electrical effect. Theoretically, if the sequence of re- 
polarization is the same as that of depolai-ization, and if the time course 
of repolarization is uniform, the net areas, above and below the base 
lines, of the QRS complex and the T Avaves must be identical, although 
opposite in direction, and the area of QRST in muscle of homogeneous 
pi'operties should be zero. Therefore, a slight shift of the QRS axis 
to the right, accompanied, by a marked decrease of the QRST area, 
should result in rotation of the T axis to the left, until, Avith a zero 
QRST area, the axis of the T aa^a'c is in the opposite direction and its 
area is equal to QRS. In other Avords, a reduction of the QRST area 
enables the "true” repolarization T AvaA’-e to become a larger compo- 
nent of the total T AvaA’^e and may account for the rotation of its axis 
to the left. 

The correspondence betAveen the theoretical expectation and our 
actual observations is striking. It suggests that, of the many factors 
Avhich may influence the electrocardiographic pattern Avhile the sub- 
ject is in the upright position, the change in the position of the heart 
and the increased sympathetic actiAUty may be primary. 

SUMMARY 

Scries of elect rocardiograms Avere taken on ten normal subjects before, 
during, and after passive tilting (feet doAA'n) to the upright (75°) posi- 
tion. The outstanding changes AA^ere an increase in the amplitude 
of the P AAUA^e in Leads II and III, a decrease in the amplitude of the 
T Avave in all leads, a shift of the average QRS axis to the right and of 
the aA^erage T axis to the left, and a decrease in the QRST area. 

It is suggested that the variations AA'hich occurred immediately after 
the assumi)tion of the upright position Avere the result of a shift in the 
position of the heart and an alteration in its contacts Avith neighboring 
tissues. It is also suggested that, AA'hen further changes occurred during 
the maintenance of the upright position, they Avere due primarily to the 
increased sympathetic aethaty occasioned by the decreased A^enous return 
and conseqiAent rclatiA-e cerebral anoxia. 

tVe are greatlj' indebted to Dr. Kicliard Ashman, of tlic Department of Physi- 
ology, School of !Medicine, Louisiana State University, for his invaluable assist- 
ance in the interpretation of the data and in the preparation of the manuscript. 
We are also grateful to !Mr. AValtcr .T. Trautman, .Tr., for his assistance in these 
experiments. 
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the auricular cojiplex in coronary throi^ibosis 

Nathan Bloom, M.D., and Donald Gilbert, ]\I.D. 

Richjiond, Virginlv 

'^HERE have been very few investigations of anricnlar complex 
changes in acute coronary artery disease. Master^ observed en- 
largement of the P wave in his series of cases, and Pardee* implies 
that acute auricular dilatation may give rise to a large P wave. It 
is difficult to prove clinieally that general cardiac dilatation occurs in 
acute coronary disease, and therefore it may be 02 ily theoretically 
assumed that local auricular dilatation tabes place during the course 
of acute coronary occlusion. This study is based upon thirty-four eases 
of acute coronary occlusion which Avere observed at the Medical Col- 
lege of Virginia, Hospital Division, during the past scA’^en years. In 
these cases the diagnosis Avas proA-ed, both clinically and from the elec- 
trocardiograms. If an arrhythmia Avas present at the time of the initial 
tracing, the case Avas discarded. An auricular complex less than 0.2 
milliAmlt in height and not more than 0.1 second in duration Avas con- 
sidered normal. 

In Table I a summary of the normal and abnormal complexes is 
given. No distinction is made as to the lead in Avhich notching or 
enlargement of the auricular complex Avas present. It did occur more 
frequently in Lead II. In several cases the abnormality occurred in 
only one or tAvo tracings. It Avas assumed that these departures from 
normal Avere actually due to the acute coronary occlusion, and that 
reversal to normal took place as the process improved. 

In Table II an attempt is made to correlate the observations in tliese 
cases. Fifty-nine per cent of the patients had some deviation from nor- 
mal in the P aa^oa^c, 33 per cent had a transient or permanent notching 
of the P AvaA’^e, and 26 per cent (nine cases) had unusually large, spiking 
P configurations. The duration of the P AA'ave Avas Avithin normal limits. 

In the nine cases in AAdiich there Avere large aui’icular complexes, fiA’^c, 
or 55 per cent, of the patients died. This Avas interesting in that the 
mortality in the cases in Avhicli the P Avaves Avere normal Avas only 29 
per cent. Three of the patients AA'ith normal P Avaves died Avithin the 
fii’st lAvcnty-four hours of hospital admission, and it is quite possible 
that they did not dcA-elop P-AvaA-e changes because of the .short duration 
of the entire attack. The incidence of arrhythmias and conduction 
defects Avas much higher in those cases in Avhich there Avas some P-aa'oa'c 
abnormality, i.e., 27 per cent A\ith notching, and 44 per cent AA’ith large 
P Avaves, as compared Avith 7 per cent Avith normal auricular complexes. 
Six patients died Avith arrhythmias or impaired conduction, and this 
AA’as 75 per cent of the total 7iumber AA’hieh dcA’cloped arrhythmias. 

From the Department of Cartllolopy, Medicjil ColloRC of A^irglnia, Ttlchmond, A’a. 

Kcceivetl for publication March 2.*). 1012. 
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Table I 


Cases in Which Thebe Were Noumal P Waves 


case 

l.OCATION 
OE IN- 
FARCTION 

DAY 

r WAVE 

COMMENT 

1. Negro female 
Age 39 


5 

0 

Normal 

Normal 

Normal 


2. White male 
Age 02 

Anterior 


Normal 

Normal 

Normal 

Normal 


3. Wliite male 
Age 54 

Anterior 

1 

o 

Normal 

Normal 


4. White male 
Age 70 

Anterior 

1 

Normal 

Hosjiital deatli, one day after 
admission 

5. White male 
Age OS 

Anterior 

12 hr. 

1 

5 

0 

10 

17 

Normal 

Normal 

Normal 

Normal 

Normal 

Normal 


0. White male 
Age 63 

1 

Posterior 

1 

o 

4 

15 

25 

Normal 

Normal 

Normal 

Normal 

Normal 


7. White male 
Age 42 

l 

o 

3 

5 

41 

Normal 

Normal 

Normal 

Nonmil 


8. Negro male 
Age 38 

Posterior 

11 hr, 

4 

9 

Normal 

Normal 

Normal 



Posterior 

1 hr. 

1 

Normal 

Normal 

Hospital death 

10. Wliite mule 

Age 55 

-Anterior 

12 hr. 
o 

i 

Normal 

Normal 

Normal 


11. Wliite male 

Age 08 

7 

HH 


Hospital death, one day after 
admission 

12. White female 
Age 07 

Anterior 

o 

Nornml 


13. Negro female 
Age 59 


2 hr. 

1 

o 

13 

31 

00 

Normal 

Normal 

Normal 

Normal 

Normal 

Normal 


14. M hite male 

Age 68 

Posterior 

1 

2 

5 

G 

Normal 

Normal 

Impure 

auricular 

flutter 

Normal 

Hospital death, 7th day 

15. Negro male 

Age 37 

Anterior 

3 

7 

9 

10 

13 ] 

19 ] 

24 ] 

30 j 

Normal 

Normal 

notched 

Notched 

Normal 

Normal 

Normal 

Normal 

Normal 

Rome signs of pericarditis 
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Table I — Cont’b 


CASE 

LOCATION 
OF IN- 
FARCTION 

DAY 

P WAVE 

COMilEXT 

16. White male 

Posterior 

i 

Notched 

Left hospital 2 days after ad- 

Age 53 


2 

Notched 

mission 

17. White male 

Anterior 

1 

Notched 


Age 51 


2 

Normal 




3 

Normal 




5 

jNormal 

1 



8 

Normal 




11 

Normal 




18 

Normal 




31 

Normal 


18. .White male 

Anterior 

1 

Normal 


Age 50 


9 

Notched 




16 

Normal 




2 mo. 

Normal 


19. Negro male 

Posterior 


Auricular 


Age 45 



fibrillation 





Negative 




6 

Notched 


20. White male 

Posterior 

0 hr. 

Notched 


Age 51 


1 

Normal 



1 

4 

Normal 




9 

Normal 


21. White male 

Posterior 

5 

Notched 


Age 46 


7 

Normal 




13 

Normal 




23 

Normal 




6 mo. 

Normal 


22. White male 

Anterior 

1 hr. 

Notched 

QKS 0.12 see., with nodal 

Age 67 


2 

Notched 

rhythm. Hospital death 



7 

Nodal 





rhythm 


23. White male 

Anterior 

2 

Normal 


Age 60 


17 

Notched 




30 

Notched 




44 mo. 

Notched 


24, Wiiite male 

? 

4 hr. 

Notched 


Age 68 


7 

Negative 




21 

Normal 




50 

Normal 


25. White male 

Posterior 

1 

Notched 

Hospital death 

Age 62 


4 

Notched 


1 


8 

Auricular 


1 



flutter 


! 


11 

Auricular 





flutter ] 


20, White male 

Anterior 

1 

2.5 mm. 

Complexes low. Eeturned to 

Age 58 


2 

2.5 mm. 

clinic 3 months after occlu- 



10 

2.5 mm. 

sion, wanting to go to work 

27. White male 

0 

( 

6 

3.5 mm. 

Question as to quinidine intox- 

Age 58 


7 

3.5 mm. 

ication. Arrhythmia stopped 



11 

Auricular 

on discontinuing drug 




flutter 




13 

3.5 mm. 




15 

3.5 mm. 




27 

3.5 mm. 


28. White male 

Anterior 

4 

3 mm. 

Bundle branch block. Partial 

Age 62 


5 

2 mm. 

A-V and bundle branch block. 



6 

2 mm. 

Hospital death 6/22/39 



7 

Normal 



1 Occlusion 4 days on admission 
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Table I — Gont’d 


CASE 

LOCATION 

OF in- 
farction 

DAY 

F ‘VYAVE 

COMMENT 

29. Wliite male 

Anterior 

3 

Normal 


Age 48 


4 

3 mm. 


j 


5 

3 mm. 


1 


6 

3 mm. 




7 

3 mm. 


1 

1 

8 

3 mm. 




14 

2.5 mm. 


30. White male 

Anterior 

12 hr. 

2.5 mm. 


Age 62 


2 

2 mm. 


1 

j 

3 

Normal 




4 

2.5 mm. 


31. White male 

Anterior 

1 

3 mm. 

Partial A-V and bundle branch 

Age 68 


2 

10 sec. 

block. Hospital death 



3 

2 mm. 





Normal 


32. Wliite male 

? 

1 

Negative 

Partial A-V block. Hospilal 

Age 71 



III 

death 



3 

Normal 




5 

3 mm. 





Normal 





Partial A-V 





block 




EBI 

3 mm. 


33. Negro male 

Anterior 

5 

3 mm. high 

Hospital death 

Age 41 


7 

3.5 mm. 


34. White male 

Posterior 

2 

2.2 mm. 

Hospital death 


? 

10 

Normal 



Table II 


I. 

Total eases 34 33% mortality 

Deaths 11 






FEB CENT 

II. 

Patients ivith normal auricular complexes 

14 

41 


Patients with notching of P wave at variable intervals 

11 

33 


Patients with abnormally large P waves at variable 
intervals 

9 

26 

III. 

Deaths with normal P waves 

4 

29 


Deaths with notching P waves 

2 

18 


Deaths with large P waves 

5 

55 

IV. 

Normal P waves and development of arrhythmia or 
impaired conduetion 

1 

7 

(death) 


Notched P waves and development of arrhythmia or 
impaired conduction 

3 

27 

(2 deaths) 


Large P waves and development of arrhythmia or 
impaired conduction 

4 

44 

(3 deaths) 

V. 

Deaths with arrhythmias or conduetion defect 

6 

75 

of total that 
developed 
arrhytlimias 
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DISCUSSION 

In a small series of cases, departures from normal may have been 
chance occurrences. "We are assuming in our thirty-four cases that 
the changes in the auricular complexes were significant prognostic 
factors. Master^ and Pardee’ agree that acute auricular dilatation 
may give rise to large auricular complexes, and one could assume that, 
if the acute coronary occlusion was of gi'eat enough severity, auricular 
damage would be more pronounced, and that therefore more deaths 
could be expected in the cases in which there was evidence of auricular 
change. The mortality was not increased in those eases in which there 
was notching or bifurcation of the P waves, although more of these 
patients developed arrh 3 dhmias. Baehmann® assumed that splitting of 
the P waves Avas due to impaired conduction through the interauricu- 
lar bundle. He demonstrated a conduction bundle extending fi’om the 
sinoauricular node to the base of the left auricular appendage. Pardee" 
states that notching of the P waves in one or more leads may be con- 
sidered normal in about 25 per cent of healthy persons. Nevertheless, 
after the onset of acute coronary occlusion, it would seem that impair- 
ment of the conduction mechanism is added evidence of increased 
strain on cardiac function. 

CONCLU.SION 

Statistical percentages probablj’’ have ver.v little value in a series of 
thirty-four cases, but we wish to pi-esent these two important points 
that we consider fundamental. 

1. AnA' deviation from normal in the auricular complex, after acute 
coronaiy occlusion, is conduciAm to arrhjdhmias and impaired con- 
duction. 

2. The mortalitj" rate in our series Avas almost doubled Avhen a large, 
siiiked auricular complex, oA-^er tAAm millimetei's in height, occurred 
during the course of the disease. 
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THE WBLTjMANN SEROCOAGULATION BAND ]N 
]\rYOCARDIAL INFARCTION 

Joseph II. Deeanev, Coeuaiiua, jMo., and 

John W. Keye:s, ^r.D.,t Detroit, ^licn. 

JNTRODUCTION 

C linicians and elinieal pathologists ai-e constantly searching for 
procedures Avhich Avill aid in the diagnosis and prognosis of various 
diseases. Specific tests are tlie ideal, but many ol these in the past have 
failed to fulfill the claims of their discoverers. Nop.spccilic reactions are 
frequently of value as diagnostic and prognostic measures. The serum 
coagulation test, first, described in I!).*!!) by Oslcar Weltmann,' is an 
example of the latter. This reaction has to do Avith the cITect of certain 
pathologic conditions on the coagulability of hhnul scrum in the presence 
of electrolytes. It Avas aiiplied by Weltmann- as a means of difTerentiat- 
ing betAveen obstructive and imrenchymatons liver disease and betAveen 
inflammatory and fibrotie processes. This serum coagulation phenom- 
enon has since been studied by many Eviropean invest igator.s,-'’ and has 
found a place as a diagnostic and prognostic aid in their clinics. It at- 
tracted little attention in America until the past fcAv yoa7\s. Kraomer^ 
reported his obserA'ations in diseases of the liver in 3035 . Levinson, 
Klein, and Rosenblum' made a jmeliminary I’eport of their study of ap- 
proximately 1,200 children and adults Avith a variety of conditions. 
They called attention to the possibilities of this te.st and compared the 
Weltmann reaction Avith the sedimentation rate. The detailed reports 
jnade by them in 1038 '' and 1039 ' dealt particularly Avith the problem 
of differentiating betAveen actiA’c and fibi-otic pulmonary tuberculo.sis. 
Dees"’® presented a clinical and experimental study of this reaction in 
1940 and CA’aluated tlie fundamental factors invoh-ed in the phenom- 
enon. 

the Tli:ST 

Weltnmnnt observed tliut normal liiunnn .«prnni, diluted to fifty limes its A-olume 
Avith distilled Avater, did not coagulate Avlien lieated in a boiling water bath. ‘When 
lap Avater Avas used, or Avhen electrolytes, in the form of tlie chlorides of calcium, 
barium, or magnesium, were added to the serum, coagulation occurred upon lieating. 
Inflammatory and exudative processes so altered the serum that eojigulntion occurred 
only in .solutions containing high concentrations of the electrolytes. Chronic dis- 
eases characterized by fibrosis, the healing stages of acute infections, and paroneby- 
mal liA’er damage so changed the serum that coagulation also occurred in the more 

From tlie Department ot Jledlclno, Henry Ford Hospital. Detroit, MlclilKan. 
•Division of Health Education. StepUens ColIeBc. Columbia. Mo. 

Mich^gln!®"*' Curdlo-HespIratoiT DIvI.sion, Henry ’ Ford Hospital. Detroit, 

ReceiA'ed for publication March 9, 1942. 
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dilute solutions. On the basis of these preliminary observations 'Woltniann devised 
the serocoagulation test. In principle, the tost is carried out by boiling in a water 
bath equal quantities of scrum and graduated concentrations of bivalent electrolytes. 

TECHNIQUE 

The test is simple to execute, easy to control, and requires little apparatus and 
material. Simplified modifications and rnicromethods have been devised. o The fol- 
lowing is the standard method described by Wcltmann. Ten dilutions arc prepared 
in 500 c.c. quantities from a .stock solution of 10% CaCl;.GH„0, namely, 0.1%, 
0.09%, 0.08%, 0.07%, 0.00%, 0.05%, 0.04%, 0.03%, 0.02%, and 0.01%. These dilu- 
tions are numbered from 1 to 10, beginning with the most concentrated. Ten small 
(Wassermann) tubes are placed in a wire rack and also numbered 1 to 10. Into 
each are pipetted 5 c.c. of the corresponding dilution, and exactly 0.1 c.c. of un- 
hemolyzed scrum is added. 'The tubes arc shaken to insure mixing of the contents 
and placed in a boiling water bath. In fifteen minutes the tubes arc removed and 
examined. The highest dilution producing coagulation is observed. Flocculation, 
rather than turbidity or opalescence, is read as the end point. The number of 
tubes in which coagulation occurs determines the coagulation band (C.B.) of that 
particular serum. 

The coagulation baud of normal serum regularly extends from the 
first to the sixth tube. . Occasionally, partial fioceulation is present in 
the seventh tube, in which case the coagulation band is 6%. In infec- 
tious, exudative, or necrotic processes the coagulation band is shortened 
or may be entirely absent. This ivas designated by Weltmann as a 
“shift to the left.” A lengthened band occurs in fibrotic processes and 
parenchymatous affections of the liver. This has been called a “shift 
to the right.” When exudation and fibrosis occur simultaneously, the 
eoagailation band is the resultant of the balance between the two proe- 
e.sses. Thus, lobar pneumonia may produce a coagulation hand of 1 or 
2. In hepatic cirrhosis the coagulation band is frequently as high as 
9 or 10. The coexistence of the two diseases might result in a normal 
coagulation band. 

The fundamental physiologic and chemical factoi’s involved in this 
coagulation phenomenon are obscure. Dee.s” pointed out that the litera- 
ture furnished no definite clue to the physiochemical mechanism which 
determines the behavior of sera in different diseases. Weltmanid 
demonstrated that the albumin content of the solution is not the con- 
trolling factor, and that the ratios of the ditt’erent serum proteins to 
each other have no relation to the length of the band. Fibrinogen ap- 
peared to play no significant role in the reaction because serum and 
plasma gave the same values. Klein, Levinson, and Rosenblum'® found 
that the albumin-globulin ratio had little effect on the coagulation band. 
Alterations in the serum pH are reported to exert no demonstrable in- 
fluence upon the coagulation band.' Dees” demonstrated that serum 
calcium levels are not the decisive factor in determining the length 
of the band, even though coagulation failed to occur when calcium was 
removed from the system in vitro. Calcium administered intravenously 
tended to prolong the coagulation band temporarily. Clinical condi- 
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tions eliaraeterized b.y alterations in blood ealeiuin levels were accom- 
panied by no cliange in the coagnlation band.® Dees® suggested that 
serum lipids are a decisive factor in determining the length of the band. 
She drew attention to the short band in acute infectious states in which 
the blood fatty acids are low, and to the long band in anemia, leucemia, 
nephritis, and diabetes, in which there is an elevation of blood fatty 
acids. 

MATERIAL AND METHOD 

Our interest in the application of the Weltmann serocoagulation t^.st 
to the problem of coronary artery occlusion was aroused b}^ the parallel- 
ism between this test and the sedimentation rate and leucocyte count in 
other conditions characterized by tissue necrosis. Any procedure which 
could be relied upon to indicate the extent and severity of myocardial 
infarction would be of value. Several blood studies have already heen 
applied in order to obtain information on this aspect of the problem. 
White” pointed out that the degree and duration of the leucocytosis are 
a useful indicator of the size of the myocardial infarct, and hence of 
prognostic value. Libman and Sacks’® stated that leucocytosis is the 
most frequent siguifleaiit feature of the condition. In onlj’’ four of 
seventy -four eases reported by Levine''”’ was there a leucocyte count of 
less than 10,000. Coffen and Rusli” observed an elevation in the 
leucocyte count in all of their fourteen patients. Ilamman'''”’ stated that 
the average leucocyte count in this condition is 12,000 to 15,000 and 
that rarely is the count more than 30,000. Levine''”’ reported one patient 
who had a count of 34,500, and Hines''’ observed one case in which the 
total leucocyte count exceeded 10,000 for a period of twelve days. 
Goodrich and Smith'" state that, in their entire series of coronary oc- 
clusion cases, 35,700 was the maximum leucocyte count. This patient 
died, and autopsy revealed a large myocardial infarct. Marked leuco- 
cytosis usually indicates extensive infarction, and therefore a serious 
prognosis. Rabinowitz, et al.,'* observed an increase in the sedimenta- 
tion rate which was most marked on the third to fifth days, and per- 
sisted longer than fever or leucocytosis. Goodrich and Smith'" studied 
the filament-nonfilament count'®’ in patients with myocardial infarc- 
tion and found that it gave information of distinct i^rognostie value 
which was superior to that obtained from the total leucocjde count 
alone. 

In applying the Weltmann serocoagulation test in a preliminary way 
in several cases of myocardial infarction, we Avere struck by the shorten- 
ing of the coagulation band. Frequently the “shift to the left” was 
so marked that flocculation occurred only in tube 1 or 2. It was then 
decided to follow several consecutive eases Avith frequent and siinul-. 
taneous total leucocyte counts, filament-nonfilament counts, sedimenta- 
tion rates, and Weltmann reactions. The blood specimens Avere usually 
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obtained between 9 ;00 and 11 :00 a.m., and onh' from hospitalized pa- 
tients. The re.sults of these examinations were charted for each patient 
in order to compare all proeednres. In graphing- the Weltmann coagu- 
lation band, each square represents one tube of coagulation. The high- 
est eosinophile percentage is recorded. This procedure was folloAved 
in twenty-four cases of coronary artery occlusion between September, 
1939, and j\Iareh, 1940. From this series we present twelve representa- 
tive patients, of whom seven recovered and five died. 

The Weltmann reaction has been .studied in other cardiac conditions. 
The coagulation band is .shortened in acute rheumatic fever®’ and 
lengthened in cardiac decompensation.’®* Several months after the 
completion of our observations, we found that Teufl,®’ in Germany, had 
studied the same problem. He reviewed 27 eases in 1936 and. added 
to these in 1937, but did not compare the various procedures which we 
employed. Our o-wn work is entirely independent of Teufi’s observa- 
tions. We have found no similar studies in the English, French, or 
American literature. 

CASE REPORTS 

Case 1. — (Chart I) H. A., a white man, aged 7G year;;, with a past history of 
angina pectoris, was admitted to the hospital on the day of onset of severe sub- 
sternal pain. The electrocardiogram indicated posterior myocardiac infarction. The 
coagulation band was 8 on the second day, and fell to 4 on the eighth day. Non- 
fdament counts and sedimentation rates were elevated, but returned to normal as 
the patient improved and healing occurred. Esosinophiles gradually rose from 1 
per cent on the fifth day to 21 per cent on the twenty-third day. 

Pour and one-half months later he was readmitted, twelve hours after a recur- 
rence of the substernal pain. He was cyanotic, in shock, and remained in extremis 
four days, when he died of myocardial insutficiency. Again the Weltmann coagula- 
tion band progressively fell from an initial 8. Fibrosis and myocardial insufficiency 
probably combined to prevent further shortening of the coagulation band during 
both attacks. Only 1 per cent eosinophiles appeared during this attack. 

-Vutop.cy .showed many areas of myocardial fibrosis and softening, as well as a 
diffuse area of infarction in the posterior ventricular wall. Neither coronary artery 
thrombosis nor complete occlusion was demonstrated, although there were many 
points of marked narrowing as a result of atherosclerosis and calcification. 

Case 2. — (Chart II) D. B., a white man, aged 5?t years, was admitted Oct. 20, 
1030, five days after the onset of substernal pain. Clinical and electrocardiographic 
observations indicated myocardial infarction. Diabetes mellitus and acidosis were 
discovered and controlled. The falling coagulation band (from to 1%) and 
its persistent shortening, the increased nonfilament count, and the absence of eosin- 
njihiles indicated a poor prognosis. A decrease in the leucocytosis and in the sedi- 
mentation rate jiointcd to improvement. Bepeated exacerbations of distres.s and 
shock occurred, and the patient suddenly died on the twenty-first day of his illness. 

-\t autojisy the heart was enlarged, dark rod in color, and covered by a shagg>, 
fibrinous exudate. A large area of recent infarction involved the posterior left 
ventricular wall from base to apex, and extended into the interventricular septum 
.for onc-half of its width. 

Case 3.— (Chart HI) C. D., a white man, aged 4G years, was admitted to the 
hospital three days after the onset of epigastric and precordial pressure pain. 
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Clinical and electrocardiographic observations indicated myocardial infarction. The 
fall in the coagulation band from 4, on admission, to IV 2 , tlie upnard trend of the 
nonfilament count, and the elevated sedimentation rate pointed to a poor prognosis. 
Decreasing leucocytosis and this clinical course indicated improvement. He veas 
found dead in bed on the twelfth day of his illness. 

Necropsy revealed that the pericardium was filled with blood. In the anterior 
ventricular wall there was a large infarcted area which bulged forward with a 
hemispherical contour. Near the center of this aneurysm a large vertical tear was 
found. The descending branch of the left coronary artery was very athero- 
sclerotic and almost completely occluded near the ostium. 



Chart I.; — Shoiving- progressive shortening of the coagulation band, elevation of the 
seuirnenmtion rate, and high percentage of nonfilamented forms of polymorphonu- 
clears. Reaamission for second myocardial infarction and progressive changes again 
are shown m the coagulation band. . .. v i ges dgam 
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Case 4. — (Oiart IV) E. J., a wliife man, agcfl 63 years, was admitted to tlic 
hospital nine liours after the onset of suhsternal pain. Clinical and electrocardio- 
graphic data indicated acute coronary artery occlusion. He grew steadily worse; 
myocardial insufficiency' developed, and he died of general cardiova.scular collapse 
on the third day of the illness. The shortening of the coagulation band from C to 
4, the elevated sedimentation rates and nonfdament counts, and the absence of 
eosinophiles were all consistent with the outcome. 

The autopsy, limited to the thorax, revealed a greatly hypertrophied heart. The 
coronary vessels were markedly sclerotic, and a fresh thrombus occluded the posterior 





foil, Indicating improvement. 
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coronary ajrtery. There was iniaretion of a portion of the wall of the left ventricle 
at the apex. Beneath this was a mural thrombus in the tip of the left ventricular 
cavity. 

Case 5.— (Chart V) B. H., a white man, aged 48 years, was admitted to the 
hospital two hours after the sudden onset of severe epigastric pain, nausea, and 
vomiting. The differential diagnosis rested between acute coronary artery occlusion 
and perforating peptic ulcer. An electrocardiogram indicated myocardial infarc- 
tion. The patient did not do well, developed myocardial insufficiency, and died on 
the thirteenth day of his illness after a recurrence of the chest pain. 
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In this case, the high leucocyte count, absence of eosinophiles, and rising sedi- 
mentation rate •were more consistent ■with the clinical picture and outcome than 
were the nonfilament counts and the AVcltmann reaction. Congestive heart failure 
undoubtedly prevented a more tj'pical shortening of the coagulation band. 

Autopsy disclosed infarction of the anterior w.all of the left ventricle, the inter- 
ventricular septum, and the posterior wall of the right ventricle. Each ventricular 
cavity contained a mural thrombus. The left coronary artery was markedly nar- 
rowed by atherosclerosis. 

Case 6. — (Chart VI) C. A., a white man, aged 54 years, who had had arterial 
hypertension for many years, first noted substernal pressure August 26, 1939, after 


M. "IT Jk ^ ^ ^ ^ ^ ^ _ . . - . ^ SIK. 






DELANEY AND KEYES: 


YTSLTMANN SERO COAGULATION BAND bib 

a light breakfast. Tlie distress radiated to both sides of the chest, and was re- 
lieved after five minutes by eructations, rest, and “Bisodol.” During the next few 
days seven similar attacks occurred, all related to meals or exertion. On admission 
to the hospital, August 30, a diagnosis of angina pectoris or impending coronary 
artery occlusion was made. Since there were no significant changes in the electro- 
cardiogram, Weltmann coagulation band, leucocyte count, nonfilament count, or 
sedimentation rate, it was felt that infarction had not occurred. Rest in the hos- 
pital resulted in a decrease in blood pressure and relief from the attacks. On 
September 2 he again experienced substernal pain- which finally required morphine 
for relief. Electrocardiographic changes and shortening of the coagulation band. 



Chart V.— Showing only slight changes in the coagulation band, but high leucocyte 
count and rising sedimentation curve. 
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together with elevation of the leueoeytc count, pccliinentation rate, and nonfilanient 
estimate, indicated myocardial infarction. His ])rogress was satisfactorj', and was 
accompanied by a gradual lengthening of the coagulation band and a decrease in 
the sedimentation rate and leucocyte and nonfilament counts. Eosinophiles appeared 
in the smear September 13, and reached 2 per cent. 

Case 7. — (Chart AHI) T. K., a white man, aged 48 years, with a long history 
of gastrointestinal complaints and arterial hypertension, had had normal electro- 
cardiograms since 1937. Symptoms of angina pectoris began in 1038. He was 
admitted to the hospital March 7, 1940, because of substernal distress which had 
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Chart VI.— T.vpical anterior infarction. Patient wa.s admitted ^\ith 
in.^umciency, but did not siiow any changes in tlie e’ectrocardiogwim or coa^Iation 
band during first four liospital days. Infarction occurred on tlic fourtli Iiospital uaj. 
ami tlicn typical cliangcs. as sliown, occurred. 
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been present since the previous evening, and liad been partially relieved by nitro- 
glycerine and codeine. Seven hours before admission the distress recurred, and 
morphine was rec[uired for relief. Electrocardiograms indicated myocardial infarc- 
tion. The Weltmann coagulation band became shortened to 4% on the third day 
and returned to normal by the thirteenth day. The sedimentation rate was elevated, 
but gradually fell. The eosinophiles reached 2 per cent. His hospital course was 
uneventful, and he was discharged on the twcnty-fiftli day of his illness. 

Case 8.— (Chart VIII) Seven days before admission this 48-year-old white man 
(G. S.) experienced gripping substernal pain which radiated through to the back 
and persisted for seven hours. He remained at home in bed, and was asymptomatic 
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for two days. On the third day the pain recurred intermittently. On the day of 
admission the patient collapsed while en route to the bathroom. Electrocardiographic 
changes indicated anterior coronary artery occlusion. The Weltmann coagulation 
band became shortened to 4 on the sixth day, and then lengthened. The sedimen- 
tation rate and leucocyte count were elevated. Eosinophiles appeared on the tenth 
day and gradually rose to 9 per cent on the fourteenth day. His l)ospital course 
was uneventful except for a transient, presystolic gallop rhythm. The patient was 
discharged on the fifty-sixth day of his illne.ss. 

Case 9. — (Chart IX) C. N., a white man, aged 4S years, was admitted to the 
hospital eighteen hours after the onset of a pressure sensation in the chest and 
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tightness in the throat. Twelve hours later these symptoms recurred. Serial elec- 
trocardiograms showed evidence of posterior coronary artery occlusion and transient 
auricular fibrillation. Weltmann coagulation bands of 4 and 2 were observed on 
the third and fifth days, respectively. Sedimentation rates, leucocyte counts, and 
nonfilament estimations were increased. All these slowly returned to normal. The 
lengthening of the coagulation band more closely paralleled the uneventful recovery 
of the patient. Eosinophiles appeared on the fifth day, but reached only 1 per cent. 
He was discharged on the twentieth day of his illness. 

Case 10. — (Chart X) Three days before admission to the hospital this 53-year- 
old white man (H. W.) experienced a severe, crushing pain in the left side of the 
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chest which radiated to hoth arms. He had survived a coronary artery occlusion 
in 1933, and anotlier in 193S. On admission he had acute cardiac asthma. Serial 
electrocardiograms indicated recent myocardial infarction. The falling coagulation 
band, elevated sedimentation rate.s, leucocytosis, and increased nonfilamont counts 
paralleled a stormy course until the twelfth day of the disease. He then began 
to improve, had an otherwise uneventful convalescence, and was discharged on the 
sixty-second day of his illness. 

The initial coagulation band of 7 and the succeeding moderate shortening in 
such a critically ill patient reflect the balance between the active myocardial ne- 
crosis and the fibrosis caused by the previous coronarj’ artery occlusions. Healing 
of the recent infarction and the antecedent fibrosis explain the four final coagula- 
tion bands of 9. 
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Case 11— (Chart XI) H. W., a wliite man, aged 50 years, was admitted to the 
liospital August 25, 1939, complaining of severe substernal pain of three hours’ 
duration which required morphine for relief. Cholecystectomy had been done in 
April, 1939, because of chronic cholecystitis and cholelithiasis. Although he was 
in a critical condition, his recovery was uneventful except for the occurrence of 
ventricular extrasystoles which were controlled by quinidine sulphate. He was dis- 
charged on the thirtieth day of his illness. The coagulation band fell from an 
initial level of 8 to 3 on the fifth day, then gradually lengthened as the patient’s 
condition improved. 

Case 12. — (Chart XII) Three weeks before admission to the hospital this C2- 
year-old white man (J. Me.) began to have angina pectoris. Tliree days before 
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Chart XL— Patient with extremely high leucocyte count and fairly marked shorteninEr 
of the coagulation band, with return to normal after healing occurred. ^ 
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admission, tlie first of several prolonged attacks of suljsternal pain occurred; cacli 
lasted three to four hours. Clinical and electrocardiographic evidence indicated 
coronary artery occlusion. He was symptom free in the hospital until the .'•■eventh 
day of his illness, when he again experienced suhsternal pain, and his condition 
became grave. The electrocardiogram showed evidence of fresh infarction. On the 
twentieth day another, but milder, attack occurred. Thereafter liis course was un- 
eventful, and he was discliarged on the forty-fourth day of his illness. 

Note the rising Weltmann coagulation band and falling sedimentation rate on 
the fourth and seventh days. Tliis would be expected with recovery from previous 
infarctions. The blood .specimens were obtained before the infarction wliicli oc- 
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curred on tlie seventh day. After this attack, the coagulation bands remained 
markedly shortened while his condition was so critical. Here, too, the sedimentation 
rate, leucocyte count, and nonfilament estimates were increased. Bosinoplnles ap- 
peared in the smear on Sept. 25, eight days after his first episode while in the 
hospital, and gradually rose to 5 per cent. 

Table 1 


Showing the Coaghlation Bands as Bun Pkoguessitoly in Tiventy-Bour Cases 


CASE 






COAGULATION 

BANDS 






1 

8 

6 

5 

5 

5 

4 

4 

4 

5 

51/0 

61/2 

8 




8 

7 

7 

6 

(Death on 

. second admission) 





2 

6V, 

3 

3 

3 

1% 

2^4 

(Death) 







3 

4 

3 

2 


2% 










4 

6 

4 













5 

7 

GV, 

61/, 

61/4 

5 

5 

(Death) 







6 

7 

6 

7 

7 

61/, 

61/. 

4i/> 

414 

41 /, 

sy. 

8 




7 

G 

414 

5 

5 

5 

4 ■ 

6 

6 

8 

Si/4 

7^/4 

8 



8 

6 

4 1/1 

. 5 

0 

5 

7 

7 








9 

4 

3 

2 

2 

3 

31 /, 

6 

7 







10 

7 

G 

5V> 

5 

41 /. 

7 

S 

8 

8 

8 





11 

i8 

6 

3 

4 

4y, 

6 

6 

7 

7 






12 

4 

5 

0 

0 

0 

0 

0 

4 

5 

2 

4 

7 

8 

8 

13 

8 

6 

2 

2V-. 

6 

8 

(Died 1 

month 

later 

of second 

infarction) 

14 

0 

IVa 

21/, 

(Death) 










15 

7V> 

7 

6 

7 

7 

8 









16 

5 

31/, 

41 /, 












17 

51/, 

1% 

0 

21/4 

2 










18 

6 

5 

5 

5 

5 

5 

5 

5 







19 

8 

7 

7 

0 

6 

6 

5% 








20 

8 

8 

7 

8 

8 

6 








21 

8 

8 

7 

7 

414 










22 

8 

7 

7 

G 

G 

6 

7 








23 

8 

8 

8 

7 

6 

6 

6 

7 







24 

7 

6% 

6 

6 

G 











Table I is a summary of the coagulation bands in the entire series of 
twenty-four cases. Twelve of these have been presented in detail. In 
the remaining eases the coagulation bands, clinical course, and outcome 
of the disease correspond to the observations in the twelve cases re- 
corded. 

DISCUSSION 

The Weltmann serocoagulation reaction has been used as a nonspecific 
indicatoi of activitj'’ in a number of conditions. Many investigators 
have found empirically that the coagulation band is shortened (“shift 
to the left”) in infections and other processes characterized by tissue 
destruction. When fibrosis has occurred the band of coagulation is 
lengthened (“shift .to the right”). Since myocardial necrosis, followed 
by healing by fibrosis, is the sequence of events in eoronarj’’ artery oc- 
clusion, it seemed likely that this nonspecific test would be a valuable 
aid in diagnosing and in following the progress of the condition. 

In this study we have compared the leucocyte counts, iionfilament 
estimates, sedimentation rates, eosinophile counts, and Weltmann re- 
actions in twenty-five cases of coronary artery occlusion. Twelve il 
lustrative cases have been reported. During the early, acute stages of ' 
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the infarction, be^’nning on the second or the third day, the coagulation 
band became progressively shortened, and readied its minimum by the 
fifth to the seventh day. This “shift to the left” affords some index of 
the extent of myocardial necrosis. An abrupt, extreme (to tube 1 or 2), 
or persistent left shift would indicate either a large infarction or slow 
healing, and therefore a more serious prognosis. Conversely, a coagula- 
tion band which is only moderatelj’’ shortened or promptly returns to 
normal has been found to be associated with satisfactory healing and a 
good prognosis. As repair proceeds bj’- fibrosis, the coagulation band 
lengthens again to normal. Large areas of fibrosis, old or recent, result 
in a shift to the right, bejmnd normal, to tube S or 9 (as in Cases 8 
and 10). The "Weltmann reaction, then, is a manifestation of the actual 
pathologic course of the disease. 

In the presence of coronaiy artery insufficiency which produces myo- 
cardial ischemia without actual infarction, the coagulation band is un- 
changed. The 'Weltmann test is useful in differentiating between these 
two conditions. This is well illustrated in Case 6. While still tmder 
observation in the hospital this patient had coronary arteiy occlusion, 
accompanied bj’’ a typical shift to the left. 

We have compared the Weltmann reaction with the sedimentation 
rate throughout our series because the latter procedure has been so 
extensively used in following cases of coronary artery occlusion. The 
sedimentation rate is known to be increased by destructive changes in 
the body, as well as by repair, whereas the coagulation band is shortened 
bj’' the former and lengthened by the latter. Certain physiologic con- 
ditions, such as normal pregnancy and the ingestion of food, alter the 
sedimentation rate. It ma}^ vary in the same patient at different times 
dui’ing the day. These variations are not observed with the Weltmann 
test, which more closely reflects the true nature of the pathologic 
changes and the clinical course of the patient. 

Our observations on the eosinophile percentages in this group of 
patients are consistent with those of Goodrich and Smith.^' In the 
cases of fatal occlusion tliej’ found no eosinophiles up to the fifth day. 
The number increased sloAvly to 1.6 per cent on the tenth day, and then 
fell to zero on the twelfth day. In the recovered gi’oup, eosinophiles 
appeared earlier and rose to 3.6 per cent on the fifteenth day. 

The close parallelism between the changes in the Weltmann coagula- 
tion band and the nonfilament count is also to be noted. Our observa- 
tions confirm those of Goodrich and Smitlfi" that the average nonfila- 
ment count is higher in the cases of fatal occlusion than in patients who 
recover. The eosinophile and nonfilament counts are apparently re- 
lated to the evolution of the myocardial infarction, and give valuable 
information in estimating the projniosis. 

There are two complicating factors which must be considei’ed in 
interpreting the coagulation band. The presence of fibi’otic processes. 
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old or new, cardiac or extracardiac, may interfere witli the ‘ ‘ shift to the 
left” Avhieh is indicative of the true extent of tlie infarction. How- 
ever, a careful past history and clinical study of each patient will 
clarify this point, as is illiistrated in Cases 1 and 10. hlj'ocardial in- 
sufficiency will also prevent as much shortening of the coagulation hand 
as would otherwise be expected. This is illustrated in Cases 4 and 5. 
Careful examination of the patient should disclose this complication, 
and obviate any confusion in interpreting the Weltmanu reaction undei 
these circumstances. 

We believe that the Weltmann serocoagulation reaction reflects the 
true evolution of myocardial infarction more accurately than any of the 
many other nonspecific tests now aA'ailable.- It is of distinct Amine iii 
diagnosis and prognosis. B3’- frequent charting of the coagulation band, 
together with the results of the otlier nonspecific laboratoiy tests, one 
obtains diagnostic and prognostic information AA’hich is superior to that 
gained from any one procedure alone. 

SUiUlARY 

The serocoagulation test of Weltmann has been compared Avith other 
diagnostic and prognostic blood studies in coronarj’’ occlusion Avith 
myocardial infarction. 

It compares favorabH Avith these procedures. 

With large infarctions a marked “shift to tlie left” in the coagulation 
band occurs, so that it is an index of degree of infarction. 

Healing of the infarction can be folloAved bj’^ the progressive change 
in the coagulation band. 

In certain conditions the sedimentation rate maj’ be altered bj" other, 
coexisting causes. The Weltmann test is not altered in such a manner, 
and reflects either the healing phase or earlj’ exudative or destructive 
phase. 

It can serve both as a diagnostic and prognostic laboratory aid to the 
clinician. 

A3^e wish to express our appreciation to Dr. F. Janney Smitii, Pliy.sician-in-Cliargc, 
Cardio-Respiratory Division, Henry Ford Hospital, Detroit, Michigan, for his per- 
mission to study these cases and for his valuable aid in the preparation of this paper. 
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THE DIAGNOSTIC VALUE OP THE ELEOTEOCARDIOGRAM 
BASED ON AN ANALYSIS OP 149 AUTOPSY CASES 

L. N. Katz, M.D., A. M. Goldsian, M.D., R. Langendorf, J\I.D., 

L. G. Kaplan, M.D., and S. T. Killian, M.D. 

Chicago, III. 

D URING the course of the last two decades we have evolved a pro- 
cedure of interpreting electrocardiograms which is based on our own 
experiences and those of others. We felt that the aecuraey of our 
diagnosis of normality and abnormality in the electrocardiogram, as 
well as the specificity of the various patterns that we have come to 
recognize, should be subjected to critical analysis. Such an analysis 
can best be made, we believe, by comparing electrocardiographic diag- 
noses, judged independently, with post-mortem observations in a ran- 
dom series of autopsy cases. This should reveal the merits of the diag- 
nostic criteria ive have utilized, and thus demonstrate the accuracy 
and worth of these criteria. The following report deals with the results 
of such a study. 

material and procedures used 

All the autopsj’ cases in the files of the department of pathologj- from January, 
1937, to May, 1940, were examined, and tho.se in which electrocardiograms had been 
made were selected for this study. A total of 149 consecutive autopsy cases, with 
eleetrocardiogyams, were obtained. In many of these cases serial electrocardiograms 
were available; some extended over a period of nine years. 

After the autopsy cases had been selected, the electrocardiograms were analyzed in- 
dependently as to their normality and abnormality, and tiie abnormalities were judged 
as nonspecific or specific with respect to the various patterns which we now recog- 
nize. In no case were the anatomic or clinical data consulted, and only the age of 
the patient was known; this was to insure an objective analysis according to our 
electrocardiographic standards. "When serial electrocardiograms were available, the 
case was included only when the last tracing was taken shortly before the death 
of the patient. However, electrocardiograms which showed a cardiac strain pattern 
and were recorded within two months of the patient’s death were not discarded. In 
86 cases there was only one tracing; in 14 cases no chest leads were available; in 
56 cases lead CF^ was the only chest lead ; in the others both leads CF„ and CF^ were 
available. The limitations of single records and electrocardiograms without chest 
leads in differentiating patterns are obvious. 

Once the electrocardiograms were classified, the interpretations were correlated 
with the anatomic reports, and it was decided whether or not the electrocardiogram 
and autopsy observations were in accord. In deciding whether cardiac hypertrophy 
was present, the patient’s age, body weight, heart weight, and the thickness of the 
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walls of the two ventricles were considered. Otlienvise, the gross and histologic ob- 
servations were used in making the correlation. The average normal heart weight 
was taken as 25 grams at three months, 125 grams at 12 years, and 200 grams at 17 
years. In adults, weights of .300 and 250 grams, respectively, were considered the 
average normals for males and females. The average thickness of the ventricular 
wall was taken as 1.0 cm. for the left and 0.3 cm. for the right.! At times there 
w.as a discrepancy between the thickness of the ventricular wall and the heart 
weight. In such cases, more attention was placed on the weight of the heart than on 
individual measurements of thickness, for cardiac dilatation can decrease the lat- 
ter. In borderline cases of heart weight, the decision was made bv correlation with 
body weight. 

The records were first divided into normal and abnormal electrocardiograms to see 
whether or not the anatomic changes were in accord ; after this the various pat- 
terns we now recognize were catalogued separately and correlated as to discrepancy 
with the anatomic obsen-ations. All discrepancies were separated and analyzed in 
detail. The follo!ving patterns were separated from each other; 

1. Normal record. 

2. Nonspecific abnormal record. 

3. Left ventricular preponderance without myocardial infarction. 

4. Eight ventricular preponderance without myocardial infarction. 

5. Combined left and right ventricular strain without myocardial infarction. 

6. Congenital heart disease. 

7. Eecent myocardial infarction. 

S. Old, healed myocardial infarction. 

9. Eecent diffuse pericarditis without recent myocardial infarction. 

10. Eecent diffuse pericarditis with recent myocardial infarction. 

11. Acute cor pulmonale. 

12. Chronic cor pulmonale. 

13. Mitral P wave. 

14. Cor pulmonale P wave. 

In our series there were no specific electrocardiographic patterns of acute dif- 
fuse glomerulonephritis, m^'xedema heart, hyperthyroid heart, beriberi heart, or 
chronic coronary insufBciency.2 No separate classification of cases of prolonged 
electrical systole was made; this abnormality, like all others which did not fit into 
any of the specific patterns, was put under the heading of nonspecific abnormalities. 
The formula QEST = 0.39 0.04 (where C equals cycle length) was used-! 

to ascertain which electrical systoles fell within the normal range. 

In several instances, records which showed more than one pattern were found 
as follows: Six were classed as right ventricular preponderance and mitral P 
wave, two were classed as recent myocardial infarction and recent diffuse pericarditis 
with recent myocardial infarction, two as chronic cor pulmonale and cor pulmonale 
P wave, one as mitral P wave and recent myocardial infarction, two as mitral P 
wave and nonspecific abnormalities, one as mitral P wave and left ventricular pre- 
ponderance, one as mitral P wave and combined left and right ventricular strain, one 
as congenital heart disease and right ventricular preponderance, one as cor pul- 
monale P wave and combined left and right ventricular strain, and one as recent 
mj-ocardial infarction and cor pulmonale P wave. Two were listed under three 
headings: One as combined left and right ventricular strain, chronic cor pulmonale, 
and cor pulmonale P wave ; and the other as recent diffuse pericarditis without re- 
cent myocardial infarction, right ventricular preponderance, and mitral P wave. 
This made a total of 170 classifications for the 149 cases. 

The final step was to classify the autopsy observations into separate categories 
and check the electrocardiographic patterns for each. 
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THE CRITERIA USED POR THE VARIOUS PATTERNS 

Since the value of an analysis such as ours depends on the criteria used in classify- 
ing the records, it is worth while to describe them briefly. The details of most of 
these patterns are considered elsewhere.-** 

(a) Becords were regarded as normal when the rhythm was of sinus origin with- 
out tachycardia (rate under 100) and without more than an occasional premature 
systole; when the P-R interval was between 0.12 and 0.21 second; when the QRS 
complex was 0.10 sec. or less in duration, did not show marked slurring or notching, 
and had an over-all dimension of more than 15 mm. (1.5 millivolts) in the limb leads; 
when the QBS pattern indicated absence of axis deviation or evidence only of right 
or left axis shift without evidence of ventricular preponderance (discussed below); 
when a Q wave (defined as an initial inverted phase of a diphasic QES measuring % 
or more of the upright phase) was absent; when QRS was more than 8 mm. tall in 
leads CPs and CPi; when QRS in lead CP. had only two phases of the |/It tj-pe which 
were not less than 3 and 5 mm., respectively, in size; when QRS in lead CP^ had 
only two phases of the |/1 t3'pe and the upright phase was not less than 3 mm., or when 

•it had onlj’- one phase of the A tj-pe, or when it had two phases of the |/| type or 
three phases of the W type with an initial inverted phase not more than 3 mm. in 
depth; when S-T depressions of not more than % mm. and S-T elevations of not more 
than 2 mm. were present in any of the limb leads; when S-T was isoelectric or ele- 
vated less tlian 2 mm. in leads CPj and CP,; when T in Leads I and II was upright 
and not notched (provided it did not have the upright coronarj' T pattern) ; when 
T in leads CP, and CP, was upright and not taller than 8 and 10 mm., respectivelja 
However, in analyzing the S-T and T deflections, the combined S-T-T complex was 
considered as a unit, and, when there was slight S-T deviation, the contour of the 
S-T-T was considered of more significance than the degree of the S-T deviation. 

(b) Becords were regarded as showing nonspecific ainormalities when they did not 
fit the foregoing description of normal and did not fall into any of the specific pat- 
terns. Certain arrhythmias, like heart block of various tj-pes, auricular fibrillation, 
frequent premature systoles, paroxj'smal ventricular tachycardia, and nodal rhj'thm 
would also be placed in this group, even if the contour were normal. However, none 
of these arrhythmias occurred in this series in conjunction with a normal contour of 
the electrocardiogram. 

(c) Patterns of heart strain. These were divided into three categories, namely, 
left ventricular preponderance, right ventricular preponderance, and combined left- 
and right-sided strain. Axis deviation attributable to llie normal variant, axis shift, 
was excluded by the electrocardiographic appearance. Axis deviation associated with 
recent mjmcardial infarction or recent massive pulmonarj- embolism was also ex- 
cluded because the axis deviation could have been attributed to the latter circum- 
stances and not to cardiac hypertrophj-. Similarlj', axis deviation with a QRS dura- 
tion of 0.12 see. or more was not included, but was classed instead as a nonspecific 
abnormal curve showing intraventricular block. 

The criteria for diagnosing right ventricular preponderance (lower part of Pig. 1) 
were a QRS duration of less than 0.12 sec. ; absence of evidence of recent mj'ocardial 
infarction or acute cor pulmonale; QRS in lead 1 mainlj^ downward or equipliasic and 
of the S type (an S wave was defined as a second inverted phase of a diphasic QRS, 
measuring % or more of the preceding upright phase) ; QRS, upright, equipliasic, or 
mainly downward, with an S wave in the latter two circumstances; and QRS, mainly 
upright. This is distinguished from normal right axis shift, in which QRS, is mainly 
upright and small, or diphasic with an S wave less than the upriglit pliase. Tlie 
different iation between the two patterns will become clearer by comparing riglit axis 

‘Appropriate corrections were made for children. 

flnverted N. 
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shift (EAS) and right ventricular preponderance (EVP) in Fig. 1, in which typical 
patterns (including the S-T-T) arc diagrammatically depicted. 

The criteria for diagnosing left ventricular preponderance were those recently 
published from this department.s They fall into four categories, namely, type 1, 



type 2, mixed type, and concordant type. In all, QES is less than 0.12 sec., and 
evidence of recent myocardial infarction and acute cor pulmonale is absent. In 
t^'pe 1 (Fig. 3) there is an upright, relatively tall QE.S„ associated with an in- 
verted QKSj or mainly inverted QES, of the S type, with a very small QK.S, (2 or 
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3 »m,.) or a Bomly iavorted or oquiphasio oa. ot the S ‘rP*. 

„‘ixea t,Te (PiB.,1) there i. a con.binatio. of the CJES pattern of t,pe 1 and 



o o 



the S-T-T pattern of tj^pe 2. In the concordant type (Fig. 5 ), the S-T-T pattern is 
like that of type 2, but QRS is upright in all the limb leads. Left ventricular pre- 
ponderance is distinguished from normal left axis shift, in which QES^ is small, 
diphasic with an S wave, or inverted, but Leads I and U are normal in appearance. 
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Tlio differentiation between left ventricular preponderance and left axis sliift will 
l^econic clearer by comparing Fig. 2 with Figs, 3, 4, and 5, in which typical patterns 
(including the S-T-T) are diagraniniatically depicted. 

The criteria for diagnosing comhined left and right ventricular sfratu'’, were a 
QRS of less than 0.12 sec., absence of evidence of recent myocardial infarction and 
acute cor pulmonale, and the presence in the QRST complex of some features point- 
ing to rigid, and others to left, ventricular preponderance. Two types of QK.ST 
would be placed in tlii.s group. In the first, QRS, is .small and diphasic, QRS, is 
diphasic or mainly inverted, and QRS, is inverted, with S waves in Leads II and 
III (and Lead I). A second type consists of a QRS pattern indicating right ventricu- 
lar strain and an S-T-T pattern pointing to left ventricular strain. 

LVP WITHOUT AXIS SHIFT 




LEAD 1 LEAD 2 LEAD 3 


Fip. a. — Diagrams of the typical appearance in the concordant type of left ventricular 
preponderance (LVP without axis shift). Discussed In text. 


(d) Congenital heart disease was diagnosed when large, diphasic QRS com- 
ple.xes wore present in trvo or all three of the limb leads.' 

(c) The diagnosis of recent myocardial infarction was made when the generally 
recognized pattern.® of infarction were present in both limb and/or chest loads. The 
cases were listed as the anterior wall type, po.storior wall tj*pe, combined anterior 
and po.stcrior wall type, and atypical patterns. The details of diagnosis arc dis- 
cussed elsewhere at some length.'* 

(f) The diagnosis of recent diffuse pericarditis with and WAthout recent myocarehal 
infarction was made according to established criteria recently summarized elsc- 
wliero.s 
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(g) Acute cor imlmonale (massive pulmonary embolism) was diagnosed when the 
classical pattern of McGinn and AVhites was present, or when the classical picture 
described elsewhere in a report from this departmentio was found. 

(h) Chronic cor pulmonale was diagnosed when, with right ventricular pre- 
ponderance, cor pulmonale P waves (described below) were seen. 

(i) The following two P-wave patterns were distinguished: The classical mitral 
P wave, indicative of chronic left auricular strain, in which P in Leads I and II 'were 
broad and notched and P, usually diphasic; and cor imlmonalc P wave, presumably 
indicative of chronic right auricular strain, in which P, and P, were tall and peaked 
and P, was small.n These P-wave patterns were found to bo associated with ab- 
normalities of the QKS-T complex in this scries. 

DISCUSSION OP RESULTS 

Attention should first be directed to the fact that this series is .small ; 
therefoi’e, conclusions derived from it should be eonsidered tentative 
pending similar analyses of much larger series. Nevertheless, even 
this small series permits several important deductions. 

Table I 


The Relation’ of the ELECTnocAKinooKAM to the Autoi'Sy Obseuvation's 


ELECTROCARDIOGBAPHIC 

AUTOPSY 

OBSERA’ATIONS 

PATTEUXS 

XORMAI. HEARTS ABNORMAL HEARTS 

8 Normal 

7 

a 

141 Abnormal 

0 

141 

149 Total 

7 

142 


The Accuracy of the Diagnosis of Normality and Ahnormality . — 
Table I shows the correlation of our autopsy and electrocardiographic 
interpretations in the 149 cases of this series. It will be seen that there 
were 141 abnormal electrocardiograms, and that, in all of these cases, 
thei’e was evidence of cardiac damage at necrop.sy; this is a .surpri.sing 
degree of consistency, in that no electrocardiogram Avas abnormal Avhen 
the heart Avas normal. This is a much better correlation than in a pre- 
vious report,’" and may indicate either (a) that this Avas a coincidence 
AA’hich Avould not occur if aa'c had analyzed a much larger series, (b) 
that our criteria of abnormality of the heart at necropsy Avere not as 
rigid as those of previous Avorkers, or (c) that oui- criteria of electro- 
cardiographic abnormality Avere better than those of preAuous authors. 
It should be pointed out that the diagnosis of heart disease at necropsy 
Avas arriA'ed at by us independently of the electrocardiographic inter- 
pretation. Only eight eleetrocardiogi-ams Avere interpreted as normal, 
and in seA^en of these cases the heart at cTutop.sy Avas also normal. In 
the eighth case, hoAvever, in AAdiich the electrocardiogram Avas regarded 
as probably normal (cf. Pig. 6A and Table III), .the heart shoAimd some 
coronary sclerosis Avith myocardial fibrosis and left ventricular liyper- 
trophy ; this person Avas 82 years of age. 


The general deduction from these observations is that .the electro- 
cardiogram is a surprising!}^ good index of normality or abnormality of 





636 


AMERICAN HEART JOURNAE 


there ivere evidences of one or another form of ventricular hypertrophy 
curve. In six others there was an axis shift, and in one there was none. 
These seven exceptions included a normal record, 5 nonspecific ab- 
normal records, and 1 Avhich showed only the pattern of recent diffuse 
pericarditis without recent myocardial infarction (which was confirmed 
at necropsy) . Further, the agreement of the electrocardiogram in cases 
of isolated left or isolated right ventricular hypertrophy, as found at 
necropsy, was sui-prisingly good, namely, 21 out of 24 and 7 out of 8, 
respectively. It is, nevertheless, important to point out that hearts 
may be relatively large without producing any of the hypertrophy 



Fi&, 6.- — Portions of electrocardiograms in cases in which there were discrepancies 
between the electrocardiographic pattern and the anatomic changes. The details of 
each are summarized in Table III. Discussed in text. In F and I, two records from 
the case are shown; they were taken 3 days and 49 days apart, respectively. 

patterns. Fig. 6^ is the record in a case in which the heai-t weighed 
825 grams; there wa.s liypertrophy of both ventilcles but only left 
axis shift and nonspecific abnormalities in the electrocardiogram. 

The results of this study indicate that cardiac hj^pertrophy may be 
revealed in the electrocardiogram by specific patterns. However, the 
patterns of left ventilcular preponderance occasionally occur in the 
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absence of A’-entriciilar hypertrophy, and, eontrarhvise, A'entricular hy- 
pertrophy occurs Avithout the electrocardiographic patterns. Further- 
more, on occasion, the dominant strain on the two A’^entricles is also not 
revealed by the electrocardiographic pattern, but in most instances the 
correlation is surprisingly good. 

Congcniial Heart Disease . — In all three cases of the ela.ssical tyiie of 
congenital heart disease the diagnosis Avas confirmed at necropsy. Hoav- 
ever, 4 cases of congenital heart disease Avere found at necropsy in this 
series (Table IV); in the fourth ease the electrocardiogram shoAved 
onlj’- right ventricular preponderance. The classical pattern, therefore. 


J K 

















11^1 

5 


pippjj 









Figr. 6. 

IS diagnostic of congenital heart disease, but its absence does not rule 
out this condition. Schnitker» found this pattern in 30 per cent of 
106 cases of congenital heart di.sease proved at necropsy. 

Myocardial Infarction.-ln twenty-five cases in this series there were 
various patterns of recent myocardial infarction, and in one case there 
Avas a stabilized coronary pattern indicative of an old, healed myo- 
cardial infarct. In 22 of the cases Avith the pattern of recent infarc- 
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tion, the infarct was found at necropsy (Table 11), and the age of the 
infarct agreed with the electrocardiographic evolution. In one, the 
case of old healed infarction, the infarct was found, but its location 
was inaccurately depicted (cf. Case 2 of anterior wall infarct type. 
Table III and Fig. &G). In the other three eases, the electrocardio- 
graphic diagnosis of recent infarction was not substantiated at necropsy 
(Table III). In one ease (cf. Case 1 of the anterior Avail type. Table 
III and Fig. 6F), ventricular hypertrophy AA^as found at necropsj^ and 
hypertension and terminal congestive heart failure Avere noted clini- 
cally ; it Avould appear that terminal coronary insufficiency, accompany- 
ing the heart failure, gave rise to the coronary pattern and evolution. 




r'ip. 7. — Portions of clectrocardioerams in two cases in whicli the 
pniphic pattern did not «'igreo with the anatomic cliangcs. A is a case of later.u 
infarction of the left ventricle in which the pattern described by cod, oifertn, an 
Bollct’® did not occur. 2> is a case of massive pulmonary embolism .'v." 
wore nonspecific abnormalities in the form of intraventricular block of ino secon 
indeterminate (S) type. Discussed in text. 


In the second case (cf. posterior Avail type. Table III and Fig. 07/), 
the pattern Avas doubtless produced by the massiA’c pulmonaiy embo- 
lism, superimposed ou left A’cntricxilar preponderaTice, hotli of Avhicli 
Avere evident at necropsy. In the third case (cf. atypical patteiTi, Table 
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III and Fig. 61), the suggestive pattern eonld have been caused by 
vitamin deficiency. 

Thus there was surprising agreement as to the presence of infarction, 
its localization, and its age. This is in accord with a previous study. ^ 
The fact that an old, healed infarct was not correctly located may indi- 
cate that other circumstances had resulted in chronic coronary insuffi- 
ciency in the region indicated by the electrocardiogram, but this is 
obviously a speculation. Furthei*, it has been our experience that in 
some patients, especially patients Avith coronary disease, the electro- 
cardiogram may imitate the coronary pattern during heart failure. We 
have also recognized the possibility that masswe pulmonai’j’^ embolism 
may give a eoronai’y pattern, and other conditions, such as beriberi 
heart, may show atypical coronary patterns on occasion. 

In this series, 25 cases of recent myocardial infarction Avere found 
at necropsy (Table IV) ; in 22 of these the diagnosis Avas made by 
means of the electrocardiogram, as stated aboAm, and in three others 
it Avas not. Thus, not only maj’- recent myocardial infarction be diag- 
nosed in the electrocardiogram A\’hen it is not present, but also, on 
occasion, its existence is not revealed in the electrocardiogram. Of the 
3 cases in Avhich it Avas overlooked, there Avas only left ventricular 
preponderance in 2 (cf. Cases 1 and 3 of second and mixed types. 
Table III and Fig. QB and D), and, in the third, the abnormalities Avere 
nonspecific (ef. Case 4, Table III and Fig. Gil/). Although, in this 
series, there Avas good agreement betAveen the electrocardiographic and 
necropsy diagnoses, it is clear that (1) some coronary patterns of re- 
cent myocardial infarction are caused by other lesions, and (2) some 
recent myocardial infarctions are overlooked in the electrocardiogram. 
The electrocardiogram is, after all, only part of the armamentarium 
of the clinician, and reliance entirely upon it for even this condition 
is not justifiable either in the positWe or the negative sense. Absence of 
the pattern does not exclude the le.sion if the clinical manifestations 
are diagnostic. A positive patteim .should be AficAved in the light of the 
clinical picture in order to exclude the possibility of other diseases 
Avhieh ean produce a similar pattern. When there is doubt, positive 
CAudence should outAveigh negatiAm evidence. 

Of the old, healed myocardial infarcts AAdiich Avere found at necropsy 
(Table IV), only one Avas diagnosed in the electrocardiogram and then 
Avas wrongly located (cf. Case 2, anterior Avail infarct. Table III and 
Fig. 6G). In the other 6, either left ventricular preponderance (ef. 
Cases 1 and 2, of second and mixed types. Table III and Fig. QB and C) 
or nonspecific abnormalities (ef. Cases 1, 2, 3, and 6, Table III and 
Fig. 6J, K, Jj, and 0) Avere found, Avith nothing to suggest the infarc- 
tion. This is in sharp contrast Avith myocardial infarction of recent 
origin. It is for this reason that AA''e liaA^e made it a practice to separate 
recent from old infarction. Little is lost in, this lack of ability to 
diagnose old infarction, for, unlike recent infarction, its presence does 



Table III 

Summ/Vuy op Cases in Wmcii There Were Discrepancies 
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not affect the’ immediate prognosis, and it usually requires less strin- 
gent management. 

It Avas surprising that the electrocardiographic pattern of chronic 
coronary insufficiency did not occur in this series, except for the case 
in Avhich there Avas an old, healed myocardial infarct. Exajnination of 
the necropsy records rcA^ealed 54 eases of coronary sclerosis AA'ithout 
infarction; in all hut four there AA'as myoeardiar fibrosis of a degree 
Avhich corresponded to the extent of the coronary sclerosis. In 5, com- 
plete closure of one of the main branches of the coronaiy A’essels was 
found. In the 50 eases of coronary sclerosis and myocardial fibrosis 
the folloAAung AA’^ere the electrocardiographic changes : 

(a) In 9, intraA’^entrieular block (in most of these there Avas marked 
myocardial fibrosis). 

(b) In 21, A'entrieular strain patterns, all AA'ith A’^entricular hyper- 
ti’ophy ; 17 of these could be explained as a result of associated A’^ah'ular 
lesions, pulmonary disease, or systemic hypertension, AA'hereas, in 4, the 
hypertrophy of the left A'entriele A\'as unexplained unless it could l)e 
attributed to the coronary sclerosis and the eonsequently reduced blood 
supply.^®’ 

(c) In 20, nonspecific abnormalities. 

These obsei'Amtions are significant because they indicate that the 
electrocardiogram usually does not shoAv specific patterns in coronary 
sclerosis; this is an obsei’A'ation AA'hich aa'c,^® as Avell as many others, 
haA^e noted preA'iously. Nonspecific abnormalities in the arteriosclerotic 
age group AA'hieh are not otherwise explained should therefore be con- 
sidered as eA’idenee of coronary sclerosis. 

The absence of the specific coronary pattern in coronary sclerosis and 
myocardial fibrosis, as aa^cII as in most instances of old, healed myo- 
cardial infarction, supports our contention'* that the specific S-T-T 
changes are primarily the result of injury to liAung muscle tissue, and 
hence cA’idence of coronary insufficiency. 

Taa^ of the eases of infarction de.serA'e further mention, namely, the 
one of old, healed infarction, the other of recent infarction. The in- 
farct in both cases A\'as located on the lateral A\"all of the left A'cntricle. 
In the former (cf. Case 2, Table III and Fig. 6(7), the limb leads shOAved 
the anterior AA'all pattern. In the second (Fig. TA), the limb leads 
shoAA'ed the anterior AA'all pattern but the chest leads A\"ere normal, so 
that the record AA'as regarded as shoAA'ing an atypical coronary contour. 
Iji neither case Avas the pattern like that de.scribed by Wood, et al.,’° 
as eharactei'istic of lateral AA'all infarction, so that the interpretation 
of these authors may be que.stioned. 

Acxdc Diffuse Pericardii is. — There AA'ere 5 cases in AA'hich this disease 
Avas diagnosed in the electrocardiogram. In 3 it AA'as thought to be 
associated AA'ith recent myocardial infarction, and in 2 it AA'as not (Table 
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II). In all 5 cases tlie lesions diagnosed in tlic electrocardiogram were 
found at autopsy. No other eases of acute diffuse pericarditis without 
recent myocardial infarction were found at iieciopsj. ^o^\e^el, o 
cases of old, healed, diffuse pericarditis, without infarction, wcrc^ en- 
countered. As expected, in one of these there was a characteristic 
pattern, and, in another, there Avere .suggestive changes; all, hoAvever, 
Avere classed as nonspecific abnormalities. 

By contrast, in 2 of the 4 cases of acute diffuse pericarditis 
recent myocardial infarction, there Avas electrocardiographic evidence 
of the recent myocardial infarction only (Table IV). These lesions 
Avere in the T stage, AA'hereas those Avhich Avere correctly diagnosed 
Avere in the S-T stage.® 

This substantiates the deduction that acute diffuse pericarditis can 
be diagnosed in the electrocardiogram.® 

Acute Cor Pulmonale . — In the one case in Avhich this diagnosis Avas 
made from the electrocardiogram, autopsy revealed a recent, massive, 
pulmonary embolism (Table 11). Recent, massive, pulmonary embo- 
lism Avas present at necropsy in 2 other cases in this series (Table IV). 
In one, the electrocardiogram shoAved a typical posterior Avail infarc- 
tion pattern (ef. Table III and Fig. 6/7). In this case there Avas no Sj, 
Lead II resembled Lead III instead of Lead I, and T Avas upright in- 
stead of inverted in CP.j.°“ In the second case (Fig. 771) there Avas 
intraventricular block of the second indeterminate (or S) t>'iic,-* Avhich 
is not uncommon but not diagnostic of recent pulmonary emboli.sm. 
The absence of the characteristic changes in the electrocardiogram in 
some eases of pulmonary embolism agrees Avith our previous observations.'''* 

Chronic Cor Pulmonale . — In the three cases in Avhich this diagnosis 
Aims made from the electrocardiogram (Table II), necropsy revealed 
right ventricular hypertrophy due to pulmonary emphysema. Hoav- 
ever, 5 other eases of pulmonary emphysema and right ventricular 
hypertrophy Avere found at necrop.sy (Table IV). In tAVO of these there 
Avere nonspecific abnoi-malities and right axis shift; in tAVo, intraven- 
tricular block of the second indeterminate (or S) typo; and, in one, 
left Amntricular preponderance (associated Avith hypertension). One of 
these patients had had auricular fibrillation, and in the others no cor 
pulmonale P pattern occurred. The ability to diagnose this condition 
is thus limited, but the characteristic pattern is diagnostic. 

P-ivave Patterns. — There Avere eleAmu eases in Avhich the P pattern 
Avas of the mitral P type (Table II). In all of these it was presumed 
that the left auricle Avas under strain because of rheumatic mitral 
stenosis. In all eleven, necropsy revealed a rheumatic lesion of the 
mitral valve, with stenosis. In six of these eases there was involve- 
ment (dilatation and/or thickening) of the left auricle and not of the 
right; in the other five there Avas involvement of both auricles, but 
because of the mitral involvement the strain Avas presumed to be domi- 



650 


AMERICAN HEART JOURNAL 


nant in the left auricle. Apparently, then, the generally accepted sig- 
nificance of the mitral P pattern is borne out in this series. 

At necropsy, 4 additional instances of left auricular hypertrophy 
and/or dilatation and 5 more eases of such involvement of both auricles 
were encountered (Table IV). In 6 of these additional 9 cases auric- 
ular fibrillation was present (whicli is a common equivalent of tlie 
miti’al P wave). In one of these cases, associated Avith congenital heart 
disease, the P pattern, although definitely abnormal, Avas not character- 
istic of the mitral type. In the last tAvo cases there Avere no P Avave 
abnormalities: one Avas a ease of calcific aoi’tie stenosis, a7id the other 
Avas a case of healed mitral endocarditis and massive pulmonaiy embolism. 

Incidentally, the commonest cause of combined right and left auric- 
ular strain Avas the simultaneous presence of mitral and trieiispid 
valvular involvement (Table IV). In these instances the mitral lesion 
Avas apparently the more significant, for the mitral P Avave pattern 
occurred in the majority. Another interesting obserA’^ation aa'rs the 
fact that in the tAvo eases of arteriosclerosis auricular fibrillation AAms 
present, Avhereas in only 4 out of 17 eases of rheumatic heart disease 
did this arrhythmia occur. 

In five cases there Avas a cor pulmonale P wave (Table II), and in 
all of them there Avas necropsy evidence of chronic pulmonary abnor- 
malities Avhich might place a strain on the right auricle. HoAvever, in 
only tAvo of the cases Avas the right auricle described in the autopsy 
protocol as being thickened. This accords Avith a previous report.®* 
IIoAveAfer, in the tAvo cases (Table IV) in Avhich the right auricle A\'as 
reported dilated and/or thickened, Avithout involvement of the left 
auricle, the cor pulmonale P pattern Avas present. This is contrary to 
a preAuous report.®® It Avould appear, therefore, that this pattern may 
be of value in detecting strain on the right auricle. 

This study shoAvs that the contour of the P Avave may be of value 
in locating the dominant strain in the auricles in a maiUAer similar to 
that employed Avdth QRST for A'^entricnlar strain. 

Nonspecific Abnormalities. — In 60 cases the abnoimalities Avei*e 7*0- 
garded as 7 ion,specifie. This, of cou7*se, i7ieli7des lesions Avdiich are not 
expected to giA^e a .specific pattern, i77sta7ices in Avhich lesio77s that are 
expected to giAm specific patterns failed to do so, a77d lesions Avhieh, as 
our IvAiOAvledge adAmnees, 7nay eo7ne to l7aAm specific jjatterns associated 
Avith them. T 71 9 of the 60 cases of no77specifie abnormalities there Avere 
lesions at necrox).sy Avhich should haAm produced specific electrocardio- 
graphic patterns. These are detailed in Table III and illustrated i77 
Fig. 0-7 to 7?. They liaA’e been discu.ssed eaidier i7i this report, and arc 
7ne7itioned here again 07ily to e7nphasize that heart strain a7id rece7it 
myocardial i7ifaretio77 may occasionally not be rcA^ealed i7i the electro- 
cardiogram, and that old, healed 7nyocardial infarcts often do not pro- 
duce specific electrocardiogi*aphic patterns. This is true also of eoro- 
na7*y sclerosis and 7 nyocardial fibrosis. 
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SUMMARY AND CONCLUSIONS 

1. The electrocardiographic patterns and anatomic abnormalities in 
149 consecutive autopsy cases were compared. 

2. The criteria of normal and abnormal electrocardiograms are de- 
scribed, as well as the 12 specific electrocardiographic patterns which 
were encountered in this series. 

3. The criteria employed in the electrocardiographic diagnosis proved 
to be accurate. 

4. The recognition of definite patterns increases the diagnostic value 
of the electrocardiogram. 

5. An abnormality in the electrocardiogram can be considered as 
objeetii'e evidence of a cardiac abnormality, but does not necessarily 
reveal the clinical status of the heart. The fact that the electrocardio- 
gram is normal cannot be considered as ob;jeciive proof that the heart 
is normal in all instances. 

6. In cases of combined hyperti-ophy of the right and left ventrielc.s, 
the electrocardiogram usually rcficcls only the predominant ventricular 
strain. Right ventricular preponderance is more often correctly diag- 
nosed and loss often overlooked than left ventricular preponderance. 
Marked hypertrophy, especially if both ventricles are involved, may 
be present without electrocardiographic evidence of ventricular strain. 

7. Cases of old, healed, anterior wall infarction may be indistinguish- 
able from eases of left ventricular In^pcrtrophy without myocardial 
infarction. Conversely, left ventricular hypertrophy may give rise to 
an electrocardiographic pattern which is suggestive of recent anterior 
wall infarction. 

8. The electrocardiogi-aiihic pattern of congenital heart disease is 
diagnostic. 

9. The patterns associated with recent myocardial infarction are sig- 
nificant, although erroi's both of commission and omission occur. These 
errors are less likely to occur when chest leads and serial eui-ves are 
obtained. 

10. Old, healed, myocardial infarction commonly fails to produce anj^ 
characteristic electrocardiogi-aphic pattern. 

11. Coronary sclerosis and myocardial fibro.sis seldom give ri.se to 
any particular pattern in the electrocardiogram. 

12. The electrocardiographic localization of myocardial infarction 
was found to be correct in this series except in one case of old, healed 
infarction. 

13. In the two eases of lateral wall infarction which were encoun- 
tered, there were anterior wall patterns in tlie limb leads. 

14. Recent, diffuse pericarditis can be recognized in the electrocar- 
diogram, and tins is po.ssible in the presence of associated conditions 
which tend to mask the pattern. 



652 


A^nSRICAN HEART JOURNAL 


15. The patterns of acute cor pulmonale are diagnostic, but exten- 
sive, massive, pulmonary embolism may occur -witbout these patterns. 
An instance of massive pulmonary embolism "which closely imitated the 
pattern of recent posterior wall infarction is cited. 

16. Chronic cor pulmonale may produce a characteristic electrocar- 
diographic pattern which is diagnostic. 

17. The cor pulmonale P wave pattern occurs in instances of domi- 
nant right auricular dilatation and/or hypertrophy, but this is not 
always true. 

18. The mitral P wave pattern is indicative of left auricular involve- 
ment. It is an important diagnostic sign, and, in the present series, con- 
stituted electrocardiographic evidence of rheumatic heart disease. 

19. The results of this study indicate that the electrocardiogram may 
be utilized to diagnose cardiac abnormalities and to suggest the pres- 
ence of particular types of heart disease. If a conservative approacli 
is made, the diagnostic value of the electrocardiogram justifies its 
present use, and this should expand as experience and critical analyses 
are continued. 

We are indebted to Dr. 0, Sapliir of the Department of Patliology wlio.so inter- 
pretations of tlie anatomic changes served as an important base for this study. 
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DISSECTING ANEURYSM OF THE AORTA 

Nathan Plaxman, M.D. 

Chicago, III. 

A EISSECTING aneurysm is the lesion produced by penelralion of 
the circulating blood for a varying distance between the lajmrs 
of tile wall of a vessel.^ Although Fernelius- was the first to observe 
an aortic aneurysm and Vesalius^ the first to diagnose one, it was not 
until several centuries later that Maunoir'* clearly suggested that there 
may be dissection of the arterial coats by the blood. Cases of long 
standing, in which tlie blood eireulates tlii’ougli the new sac, were fimt 
reported by Shekelton,® but Laennee® ivas the earliest writer to use tlie 
term in a publication. Elliotson' gave a clear and correct description 
of this condition, and Pennoek,® in reporting a case of long standing, 
demonstrated that the dissection takes place between the laminae of the 
media. Roldtanslcj’-'* differentiated simple rupture of the aorta from 
dissecting aneurysm. It remained for Peacock'® to clarify the state of 
loiowledge on tliis most unusual condition. 

He described,'' among his many cases,'* three stages in the develop- 
ment of a dissecting aneurysm ; (1) the incipient stage, in which there 
are rupture or destruction of a part or the whole of the internal coats 
of the vessel and extravasation of blood to a limited extent between the 
external and middle coats, or more probably in the laminae of the latter; 
(2) the early stage of a fully formed dissecting aneuiysm, in which, in 
addition to the inteiaial rupture, there is more extensive extravasation 
of blood in the coats of the vessel, separating tlie middle from the ex- 
ternal tunic, or in the laminae of the middle coat for a variable distance 
along the aorta, and not infrequently along its iirimary branches, usually 
with external rupture into some of the ad.iacent cavities; and (3) the 
advanced stage, in which there is an opening through the internal coats 
leading into a sac situated within the tunics which extends along the 
coui’se of the vessel and is lined by a distinct membrane very similar to 
the natural lining membrane of the arteries. Among the 80 cases re- 
ferred to by Peacock'* is the first dissecting aneurysm diagnosed during 
life. 

Fagge" staled that if, after the first shock of the formation of the 
aneurysm, the iiatient returned to a tolerable state of health and sur- 
vived for a considerable length of time, a lower communication beUyeen 
the sac and the aorta and some large vessel may develop. The possibility 
of “complete healing,” Avith the new channel taking up part of the 
function of the aorta, was emphasized by Bostrom.'* Adami'® dealt 
only with cases of long standing, and suggested the term “arrested 
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dissecting aiienrysni in place of “lioalcd.” The important conclusions 
of Flockeinannd' that the dissection is probably not conditioned by dis- 
ease of the vessel, and only in exceptional cases by trauma, and that, 
consequently, the preliminary intimal rupture is caused by overstretch- 
ing of the aorta as a result of forcible action of a hypertrophied and com- 
petent left ventricle, have been generally accepted. 

An outstanding contribution to this subject, is that of Shenan;^ he 
analyzed all of the material to 1933 (300 eases, including 17 of his oum). 

The present analysis of the 112 adequately studied cases’” of dissecting 
aortic aneurysm reported since 1933 indicates further that this syn- 
drome, as pointed out mainly i)y Peacock and Shenan, is not a \miform 
clinical entity. Such cases do not occur frequently, and the clinical 
diagnosis is often difficult to establish. The rarity of such aneurysms 
at even large institutions may well be enqdiasizcd ; only 19 cases (0.14 
per cent) have been noted in 14,160 a\itopsies in the jicriod from 1929 
to 1941 at the Cook County Hospital. The incidence has heen .similarly 
low at the Charity Hospital of Louisiana, at New Orleans,’'’ and the 
Mas.sacluiselts General Hospitid.*'* 

This report is based on tlie 19 j)alicn1s with di.ssccting aneury.sm of 
the aorta who came to autop.sy at the Cook County Hosjiital. Altliough 
the condition was su.s])ected in .some of the case.s, mainly in the few in 
which there was an acute onset, the diagnosis was not established clin- 
ically in any instance. There were 13 males (5 while and 8 colored) and 
6 females (2 white and 4 colored) ; thcr ages varied from 22 to 70 ycai's, 
with an average age of 51.8 years. 

It has been the custom to classify the dissections into two types, 
namely, tho.se of recent origin and the old “arrested” or “healed” 
aneurysms. However, a review of the literature and the analysis of the 
present 19 cases led to a somewhat diflerent viewpoint. There were (1) 
old di-ssections which were (a) “silent” or (1)) active, and (2) recwit 
dissections which were (a) typical or (b) atypical. Such a viewpoint, 
beai’ing in mind that it is po.ssible to liavc four completely different, 
clinical pictures of di.sseeting aneury.sm of the aorta, may help in the di- 
agnosis and prognosis of this condition. The main reason for cxprc.ssing 
this view is the fact tliat the average duration of life with the old dis- 
sections was 3 yeai>s, whereas, with the recent ones, it was only 17.6 days. 

OLP, “silent” dissections 

In the.se 12 cases there was a gradual onset of symptoms and .signs of 
congestive heart failure. None of the 12 patients had a history of ex- 
cruciating pain in the chest radiating into the neck, the hack, or the ab- 
domen. In four of tliese cases, in addition to the congestive failure, the 
physical and roentgenologic observations led to a diagnosis of .syphilitic 
aortic aneurysm. The outstanding feature of these old, “silent” di.ssec- 
tions was the intractable heart failure, and tlie following cases illustrate 
the important abnormalities. 



656 


AIMERICAN HEART JOURN^VL 


Case 2. L. F., a white man, 55 years old, first entered the hospital on February 
16, 1930. He complained only of dyspnea, cough, and weakness of two months’ 
duration. Physical examination revealed a very dy.spneic patient who lind a blood 
pressure reading of 240/160, impaired resonance and moist rales at the bases of 
both lungs, and a transverse cardiac measurement of 18 cm. The only laboratory data 
of note were the Wassermann reactions on the blood and spinal fluid, botli of which 
were moderately positive (2 plus). With absolute rest in bed and digitalis he re- 
sponded slowly, but not well, and he left the hospital at his own request on Harch 5, 
1930. He re-entered April 30, 1930, complaining of marked weakness, a loss of 20 
pounds in weight, and hemoptysis, in addition to dyspnea and cough. The physical 
signs were completely altered. There was a difference in the blood pressure in the 
two arms; on the left it was 148/52, and, the right, 122/52. There was a marked 
difference in the radial pulses; the right was scarcelj’ palpable, and the left was 
water-hammer in character. The heart was enlarged (transverse diameter, 22 cm.), 
and systolic and diastolic murmurs were audible over the aortic area. A pistol-.'jhot 
sound was heard over the femoral arteries. Dullness and moist rfiles were present 
over the bases of both lungs. The Wassermann reactions on both the blood and 
spinal fluid were again moderately positive. Koentgenologic examination of the chest, 
which had previously revealed only an enlarged heart, now showed a diffuse enlarge- 
ment of the aortic shadow. The symptoms became steadily worse, and the patient 
attempted suicide by cutting his wrists. Death occurred May 20, 1930, as a result 
of infection of the self-inflicted lacerations. Autopsy (by Dr. Phillip Shapiro) re- 
vealed (1) an ancient di.ssecting aneurysm of the arch of the aorta, with rupture 
two fingerbreadths above the valve and return rupture at the junction of the trans- 
verse and descending portions, (2) a double tube in the arch of the aorta which 
extended into the innominate and the left common carotid arteries, (3) atheromato- 
sis of the aorta, (4) eccentric hypertrophy of the heart, which weighed 700 grams, 
with dilatation of the left ventricle, (5) chronic passive congestion of the lungs, 
liver, kidneys, spleen, and gastrointestinal mucosa, and (6) acute infectious splenic 
tumor. 

Case 3. — B. J., a white man, 50 years old, first entered the hospital February 15, 
1930, complaining of dj-.spnea of one year’s duration. The only abnormalities were 
moist rfiles at the bases of both lungs, a blood pressure of 260/150, a transverse 
cardiac measurement of 15 cm., and a rough systolic murmur at the apex. He re- 
sponded slowly and poorly to treatment with digitalis. Between the first admission 
and his final entrance into the hospital 19 months later, he was hospitalized on six 
other occasions, each time for a longer stay. He was markedly decompensated and 
edematous when he re-entered for the last time on October 7, 1931. Physical ex- 
amination revealed a very cyanotic, orthopneic, and poorly nourished man. The 
blood pressure in both arms was 210/120. The transverse diameter of the heart was 
enlarged to 19 cm., and there was an irregularity of rate and rhythm. General 
anasarca was present. Laboratory examination wms negative except that the urine 
showed 2+ albumin and many hj’alinc casts. He grew steadily worse, but with ab- 
solute rest in bed he lived until February 1C, 1932, three years after the onset of the 
first symptom and two years after he was first hospitalized. Autopsy (by Dr. Victor 
Ijovine) revealed (1) an ancient dissecting aneurysm of tlie descending aorta and 
marked atheromatosis of the aorta, (2) thrombosis of the lower end of the newlr 
formed lumen of the aorta, (3) an ancient fibroplastic deformity of the aortic valve, 
w'ith moderate stenosis and insufficiency, and a recent verrucous endocarditis of the 
mitral valve, (4) marked eccentric InTJertrophy of the heart, which weighed 540 
grams, (5) chronic passive congestion of the lungs, kidneys, and spleen, (6) chronic 
passive congestion of the liver, with early cardiac cirrhosis, (7) arteriosclerosis of 
the kidneys, and (8) hydrothorax, hydropericardium, and ascites. 
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ODD, “active” dissections 

There were four patients witli old dissections, bnl the lesions ^ycve 
“active” tlironghont. Except for the history, the clinical manifestations 
varied little from those in the cases of old, “silent” dissections. 'Ihc 
history ivas one of repeated attacks of pain in the chest., neck, and back 
over a period of iveelis or months, until a final excruciating attack was 
experienced. 

Case 13.— M. P., a colored woman, 50 ycar.s of aRC, entered the hospital October 
15, 1934. She stated that she was well until six inonth.s before entry, when she 
began to have severe attacks of pain in the front of the cho.«t that went up into the 
neck and through to the back. At first the attacks lasted only a few minutes, but 
each successive one lasted a little longer, and she became short of breath. Si.x hours 
before admission she experienced an attack of excruciating pain in the chest that 
radiated in the manner de.scribcd. The pain persisted and dyspnea became, very 
marked. On physical examination she appeared very ill. The blood pre.«surc was 
152/G4 in both arm.s. The left border of the heart was 13 cm. from the midsternal 
line, and loud, rough, systolic and diastolic murmurs were audible at the aortic area. 
The pulse was water-hammer in character. Laboratory examination wa.s negative. 
Her pain increased; she grew wor.so steadily, and died October 18, 1934. Autop.sy 
(by Dr. Frank B. Mc.Tunkin) revealed (1) n dissecting aneurysm (not recent) of 
the aorta, with extension of the dissection into both common iliac arteries and the 
innominate artery, and rupture into the pericardial sac, (2) hemopericardium 
(250 C.C.), (3) athero.cclcrosis of the aorta, (4) bilateral hydrothorax, and (5) passive 
congestion of the viscera. 

Case 14. — A. C., a white woman, 09 years old, entered the hospital .Tunc 30, 193". 
In February, 1937, .she had an attack of “grippe,” and was then well until April, 
1937, when, on trying to open an umbrella ngjiin.st the wind, .■••he had an attack of 
.severe pain in the chest and a sensation ns if she were choking to death. Siie had 
four similar attacks that day, and another at 4 a.m. the next day which was brought 
on by arising. Thereafter she staved in bed under medical care, but the attacks con- 
tinued, and tlie pain radiated into the neck and the back. She became incre.'isingly 
short of breath. Physical examination on admi.s.sion to the hospital, three montlis 
after the initial attacks of jiain, revealed a very acutely ill woman. The blood 
pressure in both arms was 140/00. There were moist r.'iles at the bo-'^es of both 
lungs. The apex boat was dilTusc, heaving, and irregular. The left border of the 
heart was 15 cm. from the midsternal line. Systolic thrills wore palpable over the 
ape.x and the base of the heart, and the heart tones were har.sh. A rough systolic 
murmur was audible over the apex. The rate and rhythm were gro.«sly irregular. 
She became steadily worse, and died .Tuly 20, 1937. Autopsy (by Dr. Ben IV. 
Lichtenstein) revealed (1) a dissecting aneurysm (not recent) of the .ascending-, 
portion and arch of the aorta, with rhexis at three points, (2) .>jlight h.v])ertrophy of 
the heart, which weighed 350 grams, (3) severe atherosclerosis of the aorta, (4) bi- 
lateral hydrothorax, and (5) passive conge.stion of the lung.s, liver, and sjjleen. 

RECENT DISSECTIONS 

Three patients had recent dissecting aneury.sms of (lie aorta, but in 
only t4vo M’a.s there the .so-called typical clinical picture. One'])alicnt 
had excruciating ehe.st pain, and the other eollaixsed .suddenlv In both 
cases the clinical diagnosis Avas coronary tlirombosis, the condition Avilh 
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CASE 

SEK 

COLOR 

AGE 

TYPE 

nURATION 

MURMURS 

EKO. 

SYPHILIS 

1 

M 

C 

5G 

Old silent 

5 years 

None 

LAD* 

- 

2 

M 

w 

00 

Old silent 

6 months 

Systolic-diastolic at aor- 
tic area 

LAD 

+ 


M 

W ■ 

50 

Old silent 

3 years 

S 3 -stolic at apex 

A.F.t 

- 

4 

M 

W 

51 

Old silent 

2 years 

Sj'stolic at apex 

LAD, 

T 

- 

5 

M 

G 

50 

Old silent 

2i years 

Sj’stolic-diastolic at apex 
and base 

LAD 

- 

c 

M 

C 

70 

Old silent 

1 j’ear 

Sj'stolic-dinstolic at apex 
and base 

LAD 

- 

B 

M 

G 

51 

Old silent 

1 month 

SjTtolic-diastolic at apex 

LAD 

- 

8 

M 

G 

31 

Old silent 

3 years 

Sj’stolic-diastolic at apex 
and base 

BBB{ 


9 

M 

G 

62 

Old silent 

2 years 

Sj'stolic-diastolic at apex 
and systolic at base 

A.P. 

•h 


H 

G 

55 

Old silent 

5 years 

Sj’stolic-diastolic at base 

LAD 


11 

p 

G 

53 

Old silent 

10 years 

Sj’stolic-diastolic at base 

LAD 


12 

M 

W 

52 

Old silent 

31 years 

Sj’stolic at apex and base 

LAD 



H 

C 

00 

Old active 

G months 

Sj’stolic-diastolic at base 

LAD 



H 

W 

69 

Old active 

4 months 

Systolic at apex 

A.P. 


15 

p 

C 

40 

Old active 

? 

Ry.stolic-diastolic at aor- 
tic area 

None 


IG 


G 

67 

Old active 

? 

None 

None 


17 

M 

G 

67 

Recent 

tj'pical 

36 days 

Systolic at apex 

LAD, 
T 'I 


18 

F 

W 

55 

Recent 

tj-pical 

6 days 

Systolic at aortic area 

None 


19 


W 

22 

Recent 

atypical 

11 days 

Sj’stolic-diastolic at apex 
' and base 

LAD 



•Ijoft Axis Deviation. 
tAuricular Fibrillation. 
tBundle Branch Block. 
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Cases of Dissecting Aneurysm op the Aorta 


AUTOPSY FINDINGS 

r 

CLINICAL DIAGNOSIS 

HEART PISEASE 

HEART 

W'EIGHT 

CAUSE OF DEATH 

Hypertensive Heart Disease 

Hj’portensive 

825 Gm. 

Rupture of ascending aorta 

Hypertensive and Luetic 
Heart Disease and Aneu- 
rj’sm 

Hypertensive and Lu- 
etic Aortitis 

700 Gm. 

Septicemia 

Hypertensive Heart Disease 

Hypertensive and Cor- 
onary 

540 Gm. 

Thrombosis of newly formed 
aorta 

H 3 ’pertensive Heart Disease 

H.vpertensivo 

S.OO Gm. 

Rupture of ascending 
aorta 

Luetic Heart Disease 

Hypertensive and Cor- 
onary 

090 Gm. 

Rupture of ascending aorta 

Multiple Aneurj-sinal Dilata- 
tion of Aorta 

Coronarv and H.vper- 
tensivc 

510 Gm. 

Empyema 

Hypertensive Heart Disease 

Hypertensive 

505 Gm. 

Congestive Heart Failure 

Luetic Heart Disease 

Hypertensive 

810 Gm. 

Rupture of ascending aorta 

Luetic Heart Disease 

Luetic, Hvpertensivc, 
and Coronary 

025 Gm. 

Rupture of ascending aorta 

Luetic Heart Disease 

Hj'pertcnsivo 

450 Gm. 

Rupture into pericardial sac 

Hypertensive and Luetic 
Heart Disease 

Coronary and Hj'per- 
tensive 

480 Gm. 

Pulmonary embolism 

Aortic Aneurysm 

Hj-pertensive and Lu- 
etic 

720 Gm. 

Congestive Heart Failure 

Luetic Heart Disease 

H,vpertensivc and Cor- 
onary 

500 Gm. 

Rupture into pericardial sac 

Coronarj^ Heart Disease 

Coronary and Hyper- 
tensive 

350 Gm. 

Rupture, ascending and arch 
of aorta 

Luetic Heart Disease 

Hi'pertensive 

550 Gm. 

Rupture into pericardial sac 

Left Lower Lobar Pneu- 
monia 

Hj'pertensive and Cor- 
onarj’ 

700 Gm. 

Rupture into iiericardial sac 

Coronary Thrombosis 

Hj’pertensive and Cor- 
onary 

550 Gm. 

Rupture of ascending aorta 

Coronary Thrombosis 

Hj-pertensive 

450 Gm. 

Rupture into pericardial sac 

Aortic and Mitral Endo- 
carditis, with rupture of 
aortic leaflet 

Hj'pertensive 

590 Gm. 

Multiple ruptures (5) of 
aorta 
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which dissecting aneurysm is most commonly confused. The two cases 
were as follows : 

Case 17. ~G. A., a colored man, 67 years old, entered the hospital November 20, 
1932. He had been vrell until the day before admission, rvlien he wa.s suddenly seized 
mth excruciating pain in the epigastric region. He vomited twice at the onset, but 
got no relief. The pain persisted. The only other significant fact in the history 
was that, 3 years earlier, one of his legs had been amputated because of gangrene 
secondary to atherosclerotic occlusion of the popliteal artery. The blood pressure 
^^*ts 1S4/104; in both arms, the -left border of the heart was 11 cm. from the mid* 
sternal line, and the heart tones were soft and mufiled^ a rough, blowing, s 3 'stolic 
murmur was audible over the base of the heart. The percussion note over the base 
of the left lung was flat, and no breath sounds could be heard over the area of flat- 
ness. Roentgenologic examination of the chest on November 23 showed a widening 
of the aortic arch suggestive of aneurj'sm. With absolute rest in bed the pain 
disappeared, and he seemed to be recovering, but died suddenly on December 10, 1932, 
twenty-six days after the onset of the severe pain. Autopsy (by Dr. Victor Levine) 
revealed (1) a recent dissecting aneurj'sm of the aorta, with rupture at the level of 
the obliterated ductus arteriosus and just above the bifurcation, (2) perforation of 
the dissecting aneurj'sm near the attachment of the ductus arteriosus into the peri- 
aortic and mediastinal fat, (3) extension of the hemorrhage from the mediastinal 
fat into the left pleural eavitj-, with the formation of an encapsulated hematoma 
containing 1000 c.o. of liquid blood, (4) marked eccentric hj'pertrophy of the heart, 
which weighed 350 grams, (5) marked sclerosis of the base of the aortic valve, 
(6) moderate sclerosis of the. aorta and the coronary and iliac arteries, and focal 
medioneerosis of the aorta, (7) atheromatosis of the mesenteric and subclavian 
arteries, and (8) arteriosclerosis of the kidnej’s, with cyst formation. 

Case 18. — L. S., a white woman, 55 years old, entered the hospital April 11, 1940. 
\Tliile at work on the morning of the daj* of entrj’, she suddenlj" collapsed and had 
involuntarj’ urination and defecation. On entrance, several hours later, it was noted 
that she spoke with difficulty and could not move either the upper or lower ex- 
tremitj' on the right side. Slie had no pain, Phv'sical examination revealed an a.shen 
color of the face, a questionable blood pressure reading of 110/70, no perceptible 
pulse on the right and a palpable pulse on the left side, extension of the left border 
of the heart 12 cm. from the midsternal line, faint heart tones, with a rough sj'stolic 
murmur over the aortic area, and paresis of the right upper and lower extremities. 
By the third ho.'spital daj’ she had improved considerablj'; she had a full pulse in 
both extremities, normal speech, and a complete return of function in the right arm 
and leg. The patient was feeling good, but died suddenly' on the fifth hospital daj, 
-April IG, 1940. Autopsy (by Dr. William P. Mavrelis) revealed (1) a dissecting 
aneurysm of the arch and descending and abdominal aorta, (2) rupture of the ascend- 
ing arch, with a hemopericardium of 250 c.c. of blood tinged fluid and 450 grams of 
clotted blood, (3) extension of the dissecting aneurysm into the innominate, the left 
common carotid, and both the subclavian and iliac arteries, (4) thrombosis of the dis- 
.meeting sacs of the innominate and left common carotid arteries, with compression of 
their lumina, (5) aneurysmal outpouching of the ascending^ arch of the aorta, 
(6) marked eccentric In'pertrophv of the heart, which weighed 450 grams, (/) marked 
coronary- .=clero.«is, (8) marked passive congestion of the liver and kidneys, and 
(9) benign nephrosclerosis. 

In addition to the absence of pain and collapse and the comparative youth of the 
patient, the other case of recent dissection yvas atypical in other respects. 

C.\.SE 19 . — !>. S., a 22-year-old yvhite man, yvas admitted to the hospital January 
21, 1940. A yveek before entrance he contracted an acute upper respiratory infec- 
tion which was accompanied by a persistent, productive cough. On the daj before 
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admission, while sitting up in bed, he suddenly developed severe shortness of breath 
and extreme weakness. Even in the upright position he could hardly breathe. Iherc 
was no pain or hemoptysis. The history was negative for previous dy.opnca, palpita- 
tion, and edema, but it was later learned that his brother, 27 years old, was under 
treatment at another hospital for "high blood pressure" and "heart trouble. 
The patient was extremely dyspneic and orthopneic, and severely ill. blood 

pressure in both arms was 114/4S. The left border of the heart was 13 cm. from the 
midsternal line. Loud, harsh, systolic and diastolic murmurs were audible at the 
apex and base of the heart. A systolic thrill Avas palpable over the right carotid 
artery. He had a very stormy course, heavy doses of morphine notwithstanding, and 
died four daj-s after admission to the hospital (January 25, 1940). Autopsy (by 
Dr. A. C. Bach) reA’ealed (1) a dissecting ancurj-sm, with multiple tears of the as- 
cending portion, the arch, and the abdominal portions of the aorta, (2) marked 
eccentric hypertrophy of the heart, which weighed 590 grams, Avith very marked 
dilatation of all cardiac chambers, (3) marked dilatation of the aortic A'ah’c, AA’ith 
insutBciency, (4) edema of all pulmonary lobes, (5) partial occlusion of both coro- 
nary ostia by the dissecting aneurysm, (G) passive congestion of the liA-er and spleen, 
(7) ascites, and (S) moderate bilateral hydrothorax and hydropericardium. There 
was no cA’idence of inflammation; the media of the aorta shoAA’cd only marked 
fibrosis. 

COMMENT 

Previous to 1933, the diagnosis of dissecting aneurysm of the aorta 
had been made during life in only seven cases. Since that time the 
ante-mortem diagnosis has been made in 25 additional instances, bring- 
ing the total to 32 (7.9 per cent) out of 431 reported dissections. In the 
eases in which a diagnosis was made during life there were certain sug- 
gestive manifestations that pointed to the lesion. Among these were 
(1) a sudden onset of severe tearing or crushing pain, usually thoracic, 
reaching its maximum intensity at once in a person with a history of 
hypertension; (2) wide but variable radiation of pain to the neck, head, 
back, abdomen, or lower extremities, or to all of these, but rarely to the 
arms; (3) moderate to extreme collap.se, even though the blood pressure 
was maintained for some time at a high level; (4) a rapid, enlarged 
heart; (5) a rapid change in the roentgenologic appearance of the aortic 
shadoAv; and (6) patclty and bizarre neurologic changes in the legs. 

Dissecting aneurysm of the aorta is often confused vdth coronary 
thrombosis,^^- and is considered first in the differential diagnosis.^^ It 
must be remembered that the dissection may invade the root of the aorta, 
as well as the first portion of a coronary arterj'^ ; the resulting ischemia 
may produce acute myocardial infarction, with typical electrocardi- 
ographic changes.^^ Extravasation of blood may also occur, and the 
resultant electrocardiographic changes are characteristic of coronary 
occlusion.^'’ Syncope has already been emphasized as an important clin- 
ical feature at the onset of the dissection,^®- and as an aid in the dif- 
ferential diagnosis from coronary thrombosis.^ 

Maintenance of hypertension through the course of the illness, or for 
some time at a high level,^^ has been considered an important feature 
but Hamburger and Ferris==® recorded this in only one of their six recent 
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cases. Goiiley and Anderson=^« noted particnlariy tlie as.socialcd aortic 
murmurs of chronic dissections which siinnlatc those of syphilitic cardio- 
vascular disease. Tlie cardiac hypertrophy may increase very ra])idly 
after the dissection.^^'- =» The icterus index may be elevated as lone as 
two weeks after the onset of the di.ssection.-'’" 

As nitli cioitic insufficiency, the earliest tendency was to attribute the 
lesion to strain on the heart or even direct trauma; the latter was (jiiilc 
common, but with recognition and acceptance of the fact that syphilis 
may cause such a lesion, the opinions swung to the other extrenie.^^ A 
middle course is now followed, as syphilis is generally absent in the ma- 
jority of cases.'^“ However, even in the presence of a syphilitic aneurysm 
of the aorta, acute dissection can occur independently .*■* In the old, 
“silent” eases, the dissecting ancury.sm may readily be confused with one 
of .syphilitic origin.-"’ Patchy and bizarre neurologic changes in 
the legs which occur as the result of cii*eulatory deficiencies in the .sjiinal 
cord caused by rupture of the intercostal and lumbar arteries ai’C of gi’cat 
importance,-'*''' 

“Healed” or “arrested” dissecting aneurysms may allow the patient 
to survive for months or even years. The patient is not out of danger 
even when he has survived the dissection, for the “healed” channel is 
still prone to comi)lete rupture as a result of imperfections in its walls."'' 
One of Rogers’ patients lived 27 months after the acute attack,"'' and 
Roberts"' was of the opinion that the aneurysm in one of his cases had 
formed about three years l)efore death. East"® followed his patient, a 
43'year-old white woman, from the finst typical symptoms of dissecting 
aneurysm to her sudden death from rupture of the newl.y formed sac 
five years later. 

Weiss, Kinney, and Maher"" i-epoi-ted three cases that were unusual, 
not only because the dissecting aneurvsm was completely “healed,” but 
also because atherosclerosis was present in the new channel in the wall 
of the ancury.sm. The Ingge.st di.sseeting aneurysm on record, which 
occurred in a 15-year-old white male with a negative past history, was 
dc.scribed in 1939 the dissection atfeeted the whole aorta and its main 
branches, and the process extended into the lower limbs as far as the 
popliteal artery on tlie left and the posterior tibial in the lower third of 
the leg on the right. There was also dissection of the pulmonary arter.v 
and its main branch; this had not been previously described. Only one 
ease of coarctation of the aorta with a terminal dissecting ancuiysm'* 
has been reported since 1933, which brings the total of such eases to 14. 
In the period covered at the Cook County Hospital, namely, from 1929 
to 1941, there was one patient with coarctation of the aorta with rupture 
who came to autop.sy, but no dissecting aneur.vsm was present. 

SUMMARY 

The clinical as])ects and the po.st-mortem observations in 19 cases of 
dissecting aneur.vsm of .the aorta are described. Ciinicall.v, these pa- 
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tients presented (1) old dissections, witli infraelaWo heart iaihii'e, winch 
had (a) a "silent" history and course in regard to tlie dissection, or (li) 
an active history and course, with reiieated attacks ol severe jiain in 
the chest that radiated into the neck and back; and (2) recent dissei*- 
tions with (a) a typical onset of ]iain or collapse and (b) an atyincal on- 
set with severe dys]jnca. 

Physical signs of a variable character, such as cardiac iniirinnrs. were 
outstanding, and did not conform to any definite pattern. The, lua.iority 
of patients with dissecting aneurysm of the aorta do not have a tyiiieal 
onset or course; the latter may extend over many iiionths, but at some 
time present any or all of the physical signs which have been discussed. 

XoTE: Since tin’s article was submitted for ])u1dication, two excellent discus- 
sions on the subject have apiienred: 

Sailor, S. : Dissecting Aneurysm of the Aorta, Arch. Path. 33; 701, lOl'i. 

Mote, C. D., and Carr, ,1. D.: Dissecting Aneurysm of the Aorta, A.M. HKAliT .1. 
24: Ca, 1942. 

Each article represents a dilferent asj>ec,t, the former on the pjithology. and the 
latter on the medicolegal viewpoint. 
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BLECTR0CAEDI06EAP1I1C CHANGES FOLLOWING 
ELECTRICALLY INDUCED CONVULSIONS 

Edward M. Kline, ]\I.D., and Joseph L. Fictterman, M.D. 
Cle\’eland, Ohio 

S INCE the publication of ouv report dealing with the cleetroeardio- 
graphic changes folIoAving metrazol-induced convulsions,' a new 
type of coiiA'iilsant- has been introduced for the trcaiinent of certain 
psychoses. In this method a convulsion is produced by passing a high 
frequency alternating current between electrodes placed on either 
temple.*' We refer to this techuiciue as electro-coma therapy. 

Certain advantages of this method, svieh as ease of administration, 
more uniform reaction, and loss violent convulsions, suggest that this 
form of treatment will largely replace metrazol. For tliis reason it 
seemed worth while to repeat our observations before and after electri- 
cally indxiced convulsions, and to compare them with those which oc- 
curred Avhen metrazol Avas used as the convnlsant agent. 

Forty-tAVO putieiUs from tlm private psyelnntrie prarlioo of one of «s (J. L. F.) 
wore selected for tlii.s study. All were siifTcring from major psycliose.s; deprcs.sions 
were the most common because of their fu\-orublc rcspoii.«e to this form of thcrai)y. 
The age.s ranged from 19 to 71; the distribution by dccade.s is .shown in Table 1. 

Electrocardiographic observations Avorc made on each patient before and after 
a major conA-ulsiA'c .seizure (lasting from 30 to 50 second.s). Tlie three .standard 
leads of the electrocardiogram Avcrc tulvCn just preceding tlie application of the 
current, and Lead II Avas again recorded immediately upon cessation of the convul- 
sion, and at three, tiA’O, and ten minutes after the electric shoch. Later in our .study, 
a single ape.x lead Avas employed in addition to those mentioned aboA’e. 


CIIANOES IN ULOOD PRE-SSUKE 

Blood pressure measuremeuts A\'cre made coiucidciiliilly Avith the 
electrocardiograms Avheiie\''er the patient’s cooperation Avould permit. 
In all but one instance there Avas a rise in the sj'stolic pressure, and this 
Avas usually accompanied by a .smaller increase in the diastolic. Tlie 
mean increases Avere 30 mm. Ilg for the systolic, and 9 mm. Hg for the 
dia.stolie. 


CHANGES IN HEART RATE 

An acceleration in cardiac rate Avas encountered in nearly all in- 
stai^. If an arbitrary figure of tAventy-five cycles per minute is 

cln?ra‘llfol5Po5te School oI Mc.ll- 

coSotioTs^ mLP'j;rva^iss"'E;'t 

the current and the duraHon of Itf? action. Tlie maximum 

^-0 RGContl. Tn all case" the 
close is ascertained by .startinpr below {lie ordinary convnlsant 
^^^^^'tiasinj? cither tlie time or intensity. This minimum Iu 

continued or increased sliKhtly throughout the course of treatments. 
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Table I 

Age Distribution in Decades 


Age in years 

10-19 20-29 

30-39 40-49 

50-59 

00-09 70-79 

Number of cases 2 

5 

12 11 

6 

5 1 



Table II 





Changes in 

Blood Pressure 



CASE 

NO. 


immediately 

3 MIN. 

5 -MIN. 

10 -MLV. 

CONTROL 

AFTER 

AFTER 

AITER 

AFTER 


CONVULSION 

SHOCK 

SHOCK 

SHOCK 

1. 

105/75 

140/75 

105/60 


100/70 

’-^••2. 

• 120/80 

150/90 




3, 

150/80 

210/90 


140/70 

145/75 

4. 

120/80 

160/80 




5. 


120/70 

145/95 

120/65 


6., 

150/95 

185/100 

155/85 


145/80 


I. 

8 . 

9. 

10 . 

11 . 

12 . 

13. 

14. 

15. 

16. 
17. 
18* 

19. 

20 . 
21 . 
22 . 
23*. 

24. 

25. 

26. 

27. 

28. 

29. 

30. 

31. 

32. 

33. 

34. 

35. 
3G. 

37. 

38. 

39. 

40. 

41. 

42. 


125/100 

130/90 

165/105 

120/80 

120/80 

120/80 

125/80 

130/80 

145/80 

135/90 

140/80 

115/70 

135/80 

130/75 

120/75 

100/85 

140/80 

135/80 

140/75 

110/60 

11.5/70 

110/50 

180/80 

120/80 

115/00 

130/70 

140/90 

130/SO 

120/70 

110/70 

110/80 

100/90 

160/100 

155/80 

13.5/85 

120/80 


150/105 

155/95 

215/110 

140/85 

130/90 

140/75 

140/85 

135/80 

210/100 

145/75 

140/90 

120/75 

150/90 

170/90 

140/90 

180/90 

160/90 

165/80 

100/90 

135/70 

150/80 

140/90 

150/90 

170/.90 

180/70 

180/100 

170/90 

100/80 

140/00 

130/70 

180/80 

180/? 

240/120 

170/100 

125/80 


135/95 

210/100 

130/80 


140/85 

135/85 


145/75 

135/70 

145/95 


160/90 

100/90 


160/80 

160/90 

135/60 


190/110 

150/80 

130/70 


190/90 

180/80 

1.30/80 


180/100 


125/75 

130/80 

170/80 

140/80 

130/70 

140/90 

150/85 

140/70 

150/90 

150/95 

130/75 

130/80 

135/70 

100/90 

140/80 

140/70 

140/75 

110/60 

130/50 

130/70 

150/100 

17.5/90 

150/80 

125/70 


125/90 

180/110 

llO/SO 

135/90 

120/70 

125/00 


130/70 

135/60 

120/75 

140/90 


130/70 
150/80 
l4t)/ 1 5 
140/80 
123/75 
120/70 
110/60 
110/70 
110/70 
135/75 
130/60 
130/80 
115/70 
110/05 


120/80 

155/100 

190/80 

150/85 

80/50 


assumed to constitute a significant change, there were only fen cases in 
which the rate was not increased by this amount, and in only one was 
there a decrease. Tliis is in contrast Avitli the rates alter mefiazol 
therapy, when no consistent change occurred. Furthermore, theie weie 
none of the extremely slow rates ; the single bradycardia was of nodal 
origin, with a rate of .58 per minute. 



klikk and fettekman: ecg ciiaxoes and COXVUt^BIONS 


P D 


IliiiiHimiiiixjr ^fl 






iiiit!i!i!iiii!iii-l!ii 


i! iiliiS J;, i 




0 3 " 

S3 

j .^^S- 

f' * ^ ^ 


ClIAXGF^S IN KHYTIIM 

Contriu-y to the sitiiiilion jii'lor inelra/.o! convulsions, cardinc arrhylh- 
mias were not eonsjneuous. Alfliou<rli lliei’e was some elian<>:e in 
cardiac rliytlnn (Fi". 1) in fifteen of llie cases, in only Iwo instances was 
the ari'liytlnnia of a gross nature. Tlic.se changes were usually present 
in the record taken immediately after the convulsion, and in all in- 
stances the rhythm had returned to normal in the o-minute record. It 
can be seen from Table 111 that tlie an-hythmias were of two types: 
those produced by changes in the heart rate and location of the pace- 
maker; and those resulting from extrasystoles of various tyims. 
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Table in 

Tvpe and Frequency of Arrhythmias 


Sinus arrhythmia (marked) 
Sliifting’ pacemaker 
Atrioventricular rhjiihm 
Auricular extrasystoles 
Atrioventricular extrasystoles 
Ventricular extrasystoles 


Number of convulsions after vhich the above observations were made 


Number of convulsions after which no significant arrhj-thmia was observed 2G 
















,, KLINE AND FETTERMAN: ECG CHANGES AND CONVULSIONS 


66f) 


CHANGES IN THE T WAVE 

An increase in the ainplituac of the T wave was eneountcv«l in all 
bnt eight of the eases. This increase in height was aecoiniianicd hy a 
change in contour; the wave became more pointed, and narrow at the 
base. These resembled the T waves after metrazol-induccd convulsions. 
Since these changes are similar to tho.se wliich occur in acidosis,-'' the 
possibility exists (as in the ease of mctrazol) that there is a temporary 
acidosis immediately after the convulsion. Tliis might he produced h} 
the extreme muscular activity during a ])oriod when respiration is 
diminished or absent. Contrary to the observations of BelleC and his 
associates, we had no instances in which the T wave became iin’crted, or 
the S-T segment significantly elevated, after treatment. 


CA.SES l.V Wincil THE CARDIOVASCULAR SYSTEM AVAS AUNORMAL 

There were five cases in tliis series in which the cardiovascular system 
wa.s abnormal. In three ease.s, Nos. 9, 22, and 40, the patients liad 
hypertension, and their electrocardiograms arc shown in Fig. 2. Case 
4 Avas that of a fifty-five-year-old woman who had had angina pectoris 
for many yeans, in whom Dr. Claude Beck had established a collateral 
coronary bed by operation on July 30, 1937. In eacli of thc.se patients 
the critical nature of the mental condition Avas .such that the ri.sk of 
treatment .seemed .iusfified. All Averc giA'cn the usual course of .seizures 
AA’ithout complication, and the electrocardiograms after treatment did 
not differ from those of other patients in this series. In this group Ave 
AA’ere particularly intere.sted in knoAving Avhether the convulsion niigJil 
not be folloAved by a period of myocardial anoxemia. Our attention 
Ava.s, therefore, directed to the 8-3’ segment in the standard and a])ex 
leads, but in no in.stance Avere thc.se significantly altered. 

Case 42 Avas that of a fifty-ciglit-ycar-old man Avith chronic A-alvular 
disease of rlieumatie origin. He had mitral stenosis and insuflicicncy 
and moderate cardiac enlargement, but there Avere no signs of cardiac 
failure. This patient’s mental illne.ss A\-as extremely severe. He refused 
all food, and, in spite of forced feeding.s’, lie lost seven pounds in Aveight 
dui-ing his first Aveck in the hospital. TAventy minutes after the pa- 
tient’s first convulsion he per.spired profusely, aiid became jiale, cold, 
and clammy. The blood pre.s.sure, Avhich, during the treatment, liad been 
in the neighborliood of 325/80, fell at this time to 70/30. He Avas given 
0.5 Gm. of caffeine citrate and t,AAm 0.3 c.c. doses of adrenalin hydro- 
chloride (1:1,000 dilution). In another lAventy minutes the blood pre.s- 
.sure had returned to its former IcA'el and he appeared normal again. 
The electrocardiogi-am at this time Avas identical Avith the control record, 
taken before the seizure had begun. This reaction Avas different from 
anything Ave had .seen before, and cannot be .satisfactorily explained. 
Whether the peripheral vascular collapse Avas associated in some manner 
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with the cardiac lesion cannot be stated with certainty, bnt it seems 
rather nnlikely. No late untoward results have developed, but treat- 
ment was not resumed. 

CONCLUSIONS 

The electrically induced convulsion was followed by a rise in both the 
systolic and diastolic blood pressni-e, an increase in heart rate, and cer- 
tain transitory electrocardiographic changes. The T waves of the elec- 
trocardiogram were increased in amplitude, and, in some cases, a change 
in rhythm was observed. These alterations in the cardiovascular system 
were less marked than those which occurred after metrazol-induced con- 
vulsions. 
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STUDIES ON CORONARY OCCLUSION 

III. The Effect of Digitalis on the RS-T Segment of the 
Electrocardiogram After Coronary Ligation 

Michael G. Mulinos, M.D., and Alan Leslie, M.D, 

New York, N. Y. 

D igitalis should not be used in eoronaiy artery disease unless 
there is heart failure udiicli has not responded to anj'^ other treat- 
ment.^'® There are three principal reasons for this. First, digitalis in- 
creases myocardial irritability; consequently, a dangerous or fatal 
ectopic rhythm may result from a further increase of myocardial irri- 
tability in a heart which already has an abnormally irritable focus in 
the areas of infarction. Secondlj’', digitalis increases the strength of the 
cardiac contraction; this would increase the danger of dislodging mural 
thrombi after occlusion. Furthermore, the resultant rise in intraven- 
tricular pressure may cause aneurysmal dilatation of the infarcted ven- 
tricle, or may increase any already existing dilatation. Thirdly, digitalis 
is believed to cause constriction of the coronary arteries. The constric- 
tion may occur both directly, by the smooth muscle action of digitalis, 
and indirectly, through nervous impulses mediated by way of the cen- 
trally stimulated vagus. 

The question whether digitalis actually does produce coronary artery 
constriction has been extensivelj- investigated, both experimentally and 
clinically. Suggestive of coronary spasm are the attacks of thoracic 
oppression after overdosage with digitalis in patients treated for car- 
diac failure.® In animal experiments, Meyer® and Sakai and SaneyosM^® 
found that digitalis did not constrict the coronary vessels in situ. As 
a result of these studies, Eggleston^^ advanced the now jirevalent opinion 
that digitalis is not contraindicated in cases of cardiac failure com- 
plicated by angina. Gold, et al.,*® found that digitalis did not differ 
from placebos in its effect on cardiac pain. From this they concluded 
that "... digitalis even in large doses rarely, if ever, produced effective 
constriction of the coronary arteries in man.” Bond^® measured coro- 
nary vein outflow in dogs, and found that digitalis was without effect. 
Using a Starling heart-lung preparation and a Morawitz cannula, Bodo*^ 
observed increased flow after digitalis, and concluded that digitalis 
actually dilated the coronary vessels. Feiin and GilberU® found, that, 
in dogs, digitalis caused a decrease in coronary sinus outflow. The 
effect did not appear after section of the vagi. Voegtlin and Maeht^® 
observed contraction of isolated rings of ox and pig coronary arteries in 
respons e to certain digitalis bodies, but relaxation after certain others. 

ColumWa Pharmacology, College of Physicians and Surgeons, 

Received for publication April 22, 1942. ' • , 


671 



672 


AilERICAK HEART JOURKAL 


They recommended the administration of nitrites along with digitalis 
in those cases in which coronary constriction must be avoided. '"gIhs- 
berg, Stoland, and Siler^* used various commercial digitalis preparations 
on intact dogs and in heart-lung preparations (Morawitz cannula). 
Their results were inconsistent, more so in the intact animal than in the 
heart-lung preparation. The}’’ formed the opinion that coronary con- 
striction, if it occurs after digitalis administration, is not of sufficient 
degree to constitute a contraindication to the drug in any hut cases 
of severe coronary insufficiency. Essex and his associates/®’^® using 
the thermostromnhr, observed, no change in the coronary blood flow in 
dogs as a result of administering the digitalis glycosides. Haskell, et al.,®" 
found that, as compared to cats, dogs were poor subjects to use in 
digitalis studies because of their inconsistent reaction to this drug. 
Therefore, results obtained with digitalis on the dog must be interpreted 
with caution. Eoutier and Puddu®* .stated that the changes in the 
T wave which they observed were not due to an effect of digitalis 
upon the coronary’’ vessels because, in eases of coronar 3 ' arter}’^ disease, 
digitalis did not exaggerate the electrocardiographic changes produced 
by effort. In 1941, Liebow and PeiP^ stated that ‘Hhe effect of this 
drug [digitalis] on the coronary arteries is still not Icnown.” 

Prom this confusing mass of clinical and experimental material and 
opinion, it is impossible to arrive at any satisfactory conclusion concern- 
ing the effects of digitalis on the coronary arteries. It is the purpose 
of the data herein presented to .east further light on this problem from 
a somewhat different experimental approach. 

The authors®®’ ®‘‘ demonstrated that, after coronary ligation in cals, 
the induction of generalized anoxemia increased the RS-T segment de- 
viation of the electroeardiogi’am, probablj’^ because the induced anoxemia 
increased the local myocardial anoxia caused b.y tlie ligation. Levj’- and 
his co-workers®® obtained similar reactions in cases of human coronary 
insufficiency, and accorded diagnostic value to the changes in the T wave 
w'hich occur during induced anoxemia. The only consistent results ob- 
tained by us "Were changes in the RS-T segment deviation. The reaction 
to induced anoxemia suggested a new approach to the problem of how 
digitalis affects the coronar.y circulation. If, after coronary artery liga~ 
tio 7 i, a drug increases the deviation of the ES-T segment of the electro- 
cardiogram, or if the drug causes its reappeara7ice after 7'ccovery, it 
may be concluded that the drug had caused an increase in the local 
myocardial anoxia, presumably by vasoconstriction. The following ex- 
periments were designed to ascertain the effects of digitalis upon the 
RS-T segment deviation after coronary ligation, before and during in- 
duced anoxemia. 

METHOD 

Sixty-tUreo male or nonpregnant female cats, iveighing at lea.ct 2.u kg. each, 
were used in two series of experiments. In Scries A, comprising seventeen cats. 
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the left branch of tlie left anterior descending coronary artery was ligated accord- 
ing to the technique already described.^* On each of nine cats observations were 
made one week before operation, immediately after operation, and weekly for two 
or three weeks after operation. On eight cats observations were made only imme- 
diately after operation. All observations were made with the animals under light 
sodium pentobarbital anesthesia (30 mg. per kilogram, intraperitoneally) , which 
has been shown to have no influence on the level of the RS-T segment of the elec- 
trocardiogram.23 Standard three-lead electrocardiograms were made on each animal 
before and during the fifteen-minute administration of an atmosphere of 10 per 
cent oxygen. After the period of anoxemia, at least fifteen minutes of air breath- 
ing were allowed, and then crystalline ouabain* (0.25 mg. per cubic centimeter) 
was injected intramuscularly (0.1 mg. per kilogram). Thirty and forty- five minutes 
after the ouabain, electrocardiograms were made. One week after operation, elec- 
trocardiograms were made on sei’cn of the first nine cats after the intramuscular 
administration of pitressin (1 unit per kilogram). 

In Series B there were forty-six cats. Twenty-three were subjected to coronary 
ligation, and ten were controls which were not operated on. Twenty minutes after 
the coronary ligation, a continuous intravenous infusion of ouabain in saline at the 
rate of 1 c.c. per minute was started. The dilution of the ouabain was so adjusted 
for each cat that 3.3 mierograms per kilogram were administered per minute (0.1 
mg. per kilogram would thus be administered in thirty minutes). The moment of 
cardiac standstill was recorded as the end point of tliis e.xperimcnt. 

Travell, et al .,20 stated that in the cat with partially healed cardiac infarction 
(three weeks after operation), the fatal dose of digitalis is about 25 per cent less 
than for the normal cat, or for a cat immediately after operation. Because of 
this statement we subjected thirteen cats to coronary ligation, but did not give 
the ouabain solution until a week after the ligation. Each of the last five of these 
cats was infused simultaneously with two other cats; one was a control which had 
not been operated upon, and another had just been operated upon. Each of these 
five groups of three cats thus formed a unit, each member of which served as a 
control for the others. 

RESULTS 

Series A — Seventeen cats . — 

1. Preligation electrocardiographic studies were done on nine cats. 
During the anoxemia two of these developed deviation of the RS-T 
segment. The average (sum of the deviations in 3 leads) for the nine 
cats was 0.2 mm. Complete return to the original state occurred when 
the cats were alloived to breathe air. The intramuscular administration 
of ouabain caused an RS-T segment deviation which averaged 0.4 mm. 
in six of the nine cats. After ouabain, anoxemia decreased the RS-T 
segment deviation in two of the six cats-, the average was now only 0.3 
mm. 

Coronary ligation was deferred until one week after these control 
studies to allow sufficient time for elimination of the ouabain. Imme- 
diately after the operation eight of the cats showed RS-T segment de- 
viation; the average for the nine cats was 3.2 mm. Anoxemia increased 
the RS-T segment deviation to an average of 4.0 mm., and all nine eats 
now showed changes. Upon recovery from the anoxemia and after the 
intramu scular administration of ouabain, the average RS-T seo-ment de- 
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viatioii in eight eats was 4.3 mm. In the nintJi cat tliere appeared a 
continuons run of ventricular premature beats, so that the RS-T devia- 
tion could not be studied. While under the influence of ouabain and 
during anoxemia, .six of the eats showed an average RS-T segment 
deviation of 5.3 mm. One of the other eats developed right bundle 
branch block, with premature beats. A second showed a reversal of the 
direction of the RS-T segment deviatioii in all 3 leads, from a total 
elevation of 5.0 mm. to a depression of 2.5 mm. 

Ill an effort to ascertain whether any of the observed ouabain effects 
were caused by central vagus actioji, atropine was given intravenously. 
There resulted an insignificant deei-ea.se in the total RS-T deviation. 

The entire procedure, as described above, was repeated on the six 
surviving eats two or three weeks after the ligation and one or two 
weeks after i)iti’essin, as desei’ibed below. All six cats shou’cd RS-T seg- 
ment deviation which averaged 1.8 mm. During anoxemia this ro.se to 
an average of 2.2 mm.; three eats showed an increase and two a decrease. 
After the intramuseular administration of ouabain, all six cals .showed 
increased RS-T segment deviation, which now averaged 3.4 mm. Anox- 
emia reduced the average deviation slightly (to 3.3 mm.) ; three cats 
showed a decrease, one an increase, and two no change. 

27/ (g Effects of Pitressin: One week after the ligation, the RS-T .seg- 
ment deviation averaged 2.5 mm. in seven of the nine surviving eat.s; 
one of the seven showed no deviation. During induced anoxemia the 
average was 2.9 mm. Upon recovery from the anoxemia, pitressin (1 
unit per kilogram) was injected intramuscularly. The pitressin in- 
creased the average RS-T segment deviation to 4.0 mm., and all seven 
eats were affected. During the course of the pitressin action, induced 
anoxemia resulted in a fall in the average RS-T deviation to 2.8 mm. 
in six eats; the seventh died after developing ventricular extrasystoles. 

2. In the 8 cats upon which no preoperative observations had been 
made, there was an initial, average, postligation RS-T segment devia- 
tion of 1.5 mm. During anoxemia, the deviation increased to 1.8 mm. 
After the inti'amuscular administration of ouabain the deviation aver- 
aged 1.0 mm. in seven cats; the eighth developed a continuous run of 
extrasystoles. During the period of ouabain activity anoxemia increased 
the average RS-T segment deviation to 2.5 mm. in the seven cats; the 
aforementioned eighth cat continued to have the extrasystoles. 

Thc.se re.sults of the studies of the complete Group A are represented 
graphically in Fig. 1. 

/S'crfc.s B — Forty-six cats . — 

In this experiment the animals were subjected to a continuous infusion 
of ouabain in saline until cardiac .standstill occurred. In twenty-three of 
the animals the infu.sion was .started immediately after coronary artery 
ligation. In thirteen cats infusion was withheld until a week after the 
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ligation. The ten control animals were not subject ed to coronary arler.y 
ligation, although pericardiotomy had been earned out in some. ^ ^ 

The above experiments u-ere performed in two groups. Ihe initial 
■ group contained thirty-one eats. The animals witli ligated coronary 
arteries died sooner after the start of the infusion than did the controls. 
There seemed to be little difference between the cats whicli were ini used 
immediately after the operation and those which were infused one week 
after operation. In order to minimize the accidental distribution of 
these results, it was decided to run an additional series of fifteen cats 
in five parallel groups of three animals eacli : one, a control ; one cat 
immediately after the ligation; and one eat 'which had been opciatcd 
upon one week earlier. The results in this group agreed with those in 
the fii'st group, so that tlie two groups arc comlhncd in a single report. 
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Fig. 1 . — The effect of ouabain and pHressin on tlic RS-T .>!eBnient of tlie clectro- 
earaiograins of cats (average), before and during induced ano.veniia after experi- 
mental ligation. 

A. Ouabain was given before and immediately after tlie ligation. 

B. Pitressin was given one week after the ligation and tlie first dose of ouabain. 

C. Ouabain was given two to three weeks after tiic pitro.ssin injections at B. 

In the ten control animals death occurred at an average of 60 minules 
(35 to 72) after the start of the infusion. In the twentyfthree cats 
which were infused immediately after the ligation', 'death occurred at 
an average of 50 minutes (37 to 62) after the start of tiie infusion, 
and in the thirteen cats wdiich were infused one week iffter operation, 
death occurred at an average of 55 minutes (30 to 75) after the start 
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of the infusion. Thus, the ligation resulted in an increase of 16.7 per 
cent in sensitivity to ouabain in the cats ■which wei’e studied immediately 
after operation, and in an increase of but 8.3 per cent when they wcit 
tested a week after operation. The scatter of the values for each group 
is such as to render insignificant the differences in the average of the 
three groups of eats. The over-all average of the forty-six cals was 53.6 
minutes. 

DISCUSSION 

In the first group of experiments ouabain caused an increase in tlie 
deviation of the ES-T segment of the electrocardiogram after coronary 
artery ligation, although it did not do so in the normal cat. Similar 
results were obtained when pitressin was used one week after coroiiaiy 
ligation. It is reasonable to infer that tlie increase in tlie ES-T seg- 
ment de^dation from both ouabain and pitressin was due to tlie same 
cause, i.e., an increase in the mjmeardial anoxia produced by coronary 
artery constriction. 

The ES-T segment deviation caused by the ligation was increased by 
the institution of anoxemia, which confirms our previous observations.-^ 
It corroborates the thesis that the ES-T segment deviation which follows 
ligation is a reflection of local myocardial anoxia, and can be exaggerated 
by induced anoxemia or by vasoconstrictors, such as pitressin. Since 
ouabain increased the ES-T segment deviation after ligation, and since 
this increase was further augmented by induced anoxemia, we have 
come to the conclusion that, after coronary ligation, ouabain causes 
coronary vasoconstriction. 

Contrary to expectation, anoxemia resulted in a diminution of the 
large ES-T segment deviation which followed the administration of 
pitressin. It is assumed that the electrocardiographic changes which 
occur after the ligation of a coronary artery result from impaired 
oxygenation of that part of the myocardium normally supplied by the 
ligated vessel. The degree of local myocardial anoxia may be increased 
by the administration of a coronary constrictor, such as pitressin, or 
by the induction of generalized anoxemia bj’^ the administration of an 
atmosphere of 10 per cent oxygen. However, during generalized anox- 
emia of the type induced in the.se experiments, there are a rise in blood 
pressure of central origin, and an inci’ease in the heart rate which is 
mediated through the sympathetic division of the autonomic nervous 
system.-' The sympathetic supply to the coronaries is vasodilator, so 
that, other things being equal, anoxemia would inerea.se the blood 
flow through the coronary arteries. The induction of anoxemia after 
pitressin maj' actually bring about an increase in flow through the 
coronary vessels, both by raising the blood pressure and by reflexly 
diminishing coronary artei’ial tonus, thus relieving somewhat the local 
myocardial anoxia. It is not sugge.sted that the induction of anoxemia 
is necessarily a beneficial procedure, for the apparent clcctiocaidio- 
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graphic improvement occurred only after severe embarrassment of the 
central nervous system by the anoxemia. Actually, the RS-T segment 
delation in the cats with ligated arteries is more elevated by pitressin 
and anoxemia than by anoxemia alone. 

LieboAV and FeiP'' studied the electrocardiograms of digitalized pm 
tients during exercise. They concluded that the electrocai diographic 
changes which they observed during exercise resulted from a diminished 
oxygen supply to the heart. In this case it is probable that the vasocon- 
strictor effects of digitalis exaggerated the myocardial anoxia of exercise, 
giving results Avhieh are similar to those obtained by us in cats. 

Study of our second group of animals showed that cats which are 
treated immediately after coronary ligation are 17 per cent more sensi- 
thm to the lethal effects of ouabain than similarly treated controls Avhich 
were either unoperated upon or had been subjected to pericardiotomy 
Avithout ligation. Trai'cll, et ah,"*’ found no difference in susceptibility 
in their animals. These authors also found that cats were more suscep- 
tible to the digitalis bodies three Aveeks after coronary ligation than 
immediately after ligation. In our experiments, no great difference 
Avas observed betAvecn the tAvo groups of animals. In fact, the eats AA'hieh 
Avere infused Avitli ouabain one Aveek after ligation Avithstood larger 
doses of ouabain than those Avhich Avere infused immediately after opera- 
tion. The difference in the minimal lethal dose of ouabain betAveen the 
controls and the eats Avith ligated arteries Avas not sufficiently great to 
Avarrant the conclusion that digitalis therapy is contraindicated after 
coronary occlusion in man. 

SUMMARY 

1. Ouabain Avas administered to scA'cntcen cats before, immediately 
after, and tAA^o to three Aveeks after, coronary ligation. 

2. The ouabain further increased the RS-T segment deviation AA’liicli 
Avas induced by the ligation. 

3. Pitressin, administered one Aveek after coronary ligation, resulted 
in an exaggeration of the RS-T .segment deviation. 

4. Anoxemia, induced after coronary ligation, increased the RS-T 
segment deviation resulting from the ouabain, Irat decreased that 
produced by pitressin. 

5. The minimal lethal dose of ouabain Avas less in cats Avith experimen- 
tal coronary occlusion than in the controls, but increased someA\diat AA'hen 
a AA'cek AA'as alloAA’ed to elapse after the operation. 

6. From the experiments detailed above, it is concluded that the digi- 
talis bodies cause constriction of the coronary arteries of the cat Hoav- 
ever, the constriction is not sufficiently great to increase significantly the 
toxicity of ouabain in cats Avith ligated arteries. 

7. Our results do not indicate that digitalis is an especially dangerous 
drug to use after coronary occlusion in man. 
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STUDIES ON CORONAEY OCCLUSION 

IV. VaSODILATOR-S AK11 TllK CORONAUY ClRCUI.ATlOS 
Experimental Observations 


Alan Leslie, ir.D., and JIichael C. ]\Ii;linos, ]M.D. 

New York, N. Y. 

I N THE preceding paper' ive reporlod lhal. after coronary artery liga- 
tion in the cal, digitalis and pi(ro.ssin increased tlie RS-T .segment 
deviation of the electrocardiogram both before and during induced 
anoxemia. Tliis ivas interpreted to indicate that digitali.s, like jiitressin, 
constricted the coronary arteries. As a con.sefpience of llie.se ob.servalions. 
the effect of .several so-called coronary dilators was investigated, using 
as the criterion of action the changes in the RS-T segment before and 
during anoxemia. These criteria arc similar to those emiiloyed elin- 
ieally." and show iiromiso of being useful as an apj'iroaeh to the ]n’ol)lem 
of the pharmacodynamics of the impaired coronary circulation. 

In ease.s of human coronary insufticicney. Levy and his collaborators," 
using the electrocardiographic efi’eet of induced anoxemia as an index 
of coronary blood flow, re]iortcd that various drugs increased coronary 
circulation. Other investigator.s,'*'” who employed a variety of methods 
of ob.servatioii in animals, reported conflicting result.s from the ii.so of 
the “coronary dilators." Coronary perfu.sion experiments and experi- 
ments on Isolated segments of coronary arteries yield results wliieh are 
not comparable directly to tho.se which are obtained on intact animals. 

The heart with an exiierimcntally induced infarct may be considered 
as benefited by a given drug if the average size of the infarct is le.ss than 
in untreated animals. This did not prove to bo the case in a series of 
cats treated with papaverine,'" and in another series rejiorlcd by Cold, 
et al.,'-'' who u.sed aminophyllinc. In both .series the cardiac infarcts of 
the treated animals were of greater average size than those of the un- 
treated controls. Fowler, Ilurevifz, and Smith" iierformcd similar experi- 
ments on dogs, and found that the infarcts of the dogs treated with 
aminophyllinc were smaller than those of the untreated controls. It is 
suggested that these results were fortuitou.s, and that no conclusion 
.should be drawn from data obtained by this method. 

Tlie present report deals with experiments which we believe to be less 
open to objection than those recounted above. By means of induced 
anoxemia after experimental cardiac infarction, a study was made of the 
effect of nitroglycerine, papaverine hydrochloride, and aminojihylline 
upon the RS-T segment deviation of the elect roeardiogram. The efficacy 
of the drugs was to be judged by the amount by which tliey reduced the 
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BS-T segment deviation eansed bj' coronary ligation, under usual con- 
ditions as well as during induced anoxemia. 

JIETHOD 

Under sodium pentobarbital anesthesia the left brancli of the left, anterior de- 
scending artery was ligated in each of 16 cats, according to the technique previously 
described.i4n, i4b The eats were males or females, and weighed at least 2.5 kilogram's 
each. The influence of each of the throe drugs was observed inmiediatoly after the 
operation, and at weekly or biweeklj’ intervals thereafter. All ob.sorvations were made 
with the animals under light pentobarbital anesthesia (30 mg. per hilogram), which 
lias been sho^vn to have no influence on the RS-T segnient .12 A fifteen-minute period 
of anoxemia (10 per cent oxygen) was followed by a recoi'erj' period of at lea.st 
fifteen minutes of air breathing. The drugs were administered intraperitoneallv 
because of the ease of injection; in order to reduce to a minimum any efi'ect.s on 
blood pressure (discussed later), such as might occur after an intravenous injection 
of vasodilators; and in order to obtain more prolonged drug action than i.s usual 
after intravenous administration. 

Electrocardiograms were made before and ten minutes after the administration 
of nitroglycerine, and again near the end of fifteen minutes of anoxemia. Another 
fifteen-minute recover}’ period brought the time to forty minutes after the admin- 
istration of the nitroglycerine; this period was deemed ample for the full develop- 
ment of the action of the drug. Papaverine hydrochloride was then injected. In 
order to ascertain whether there were mixed drug effects, 8 sets of observations were 
made with papaverine, but without the previous administration of nitroglycerine. 
The injection of aminophylline was made forty-eight hours later in order to avoid 
an additive effect with the papaverine. 

Forty-three sets of observations were made on the 16 cats, Tlic dosages were 
varied over a wide range, as indicated in the following schedule. 

1. Nitroglycerine— 0.1, 0.25, 0.5, 1.0 mg. per kilogram. 

2. Papaverine hydrocUoride — B.O, 5.0, 10.0 mg. per kilogram. 

3. Aminophylline— 5.0, 10.0, 15.0 mg. per Idlogram. 

Blood pressure studies were made in the usual manner. 

RESULTS 

1. Preoperative Ohservaiions (16 cals). — 

a. Control— In 5 eats the total RS-T segment deviation, was 3.0 inin. 
The average deviation for the 16 eats was 0.2 mm. During iijdueed 
anoxemia the total deviation was 1.5 mm.; changes in tlie electroeardio- 
grams of 2 cals accounted for the decrease. The average deviation was 
0.1 mm. 

1). Nitroglycerine.— The average RS-T segment deviation was 0.2 mm. 
During iitduced anoxemia the average increased to 0.3 mm. 

e. Papaverine Hydrochloride . — ^The average RS-T deviation was 0.2 
mm., with an increase to 0.3 mm. during anoxemia. Since the papaverine 
was injected during the period of nitroglycerine action, tliese figures 
show no further increase as a result of the papaverine. 

d. AminojihylJinc.— The average RS-T segment deviation was 0.2 mm., 
with a decrease to 0.1 mm. during anoxemia. 
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It is evident that the administration of these drugs heioro the ligation 
caused only minor changes in tlie RS-T segments of the elcciroeardio- 
granis of 5 of the 16 cats. These 5 cats might have hecn discarded as 
hypersensitive. They Y-ere not discarded in order to avoid over-wcig i mg 
the results in favor of tlie drugs, and also in order to stress the n - 
portance of performing control observatipns on annuals intended foi 

coronary ligation. 


2. Fostopendivc Ohservaiions . — 

Postoperative observations ivere made at. intervals from immediately 
after, to eighty-five days after, the ligation. Characteristic effects were 
noted throughout the postoperative period. 

a. Control . — Ligation caused tlic appearance of an RS-T segment devi- 
ation in 15 of the 16 eats ivhieli totalled 67.0 mm. in the 43 oh.servalion.s. 
The average deviation per observation iva.s 1.6 nun. During induced 
anoxemia all of tlie 16 eats showed an RS-T segment deviation which 
totalled 96.0 mm., and an average deviation of 2.2 mm., or an increase 
of 37.5 per cent. 

h. Nitroglycerine . — There were 35 ohservation.s. The average devia- 
tion was 2.1 mm., or 31 per cent higher tliaii before the drug. After tlie 
induction of anoxemia this increased to 2.4 mni. 

c. Papaverine JJydrocliloridc. — ^Iforty-tlirce observations were made. 
The average deviation was 1.9 mm, Tliis deviation is to be compared 
with 2.1 mm. as a control, for the papaverine was adniinislored after 
the nitroglycerine. Tlicrol'orc, papaverine resulted in a 10 per cent de- 
pression of the RS-T segment. During anoxemia the deviation was in- 
creased to 2.1 mm., or 13 per cent less than in the control. This “bene- 
ficial” effect of papaverine is shown also in tlie 8 observations wliieh 
were made without the previous admini.sfralion of niti-oglyecrine. These 
observations were made from six to eiglity-four days after operation. 
The control readings, with air, averaged 0.56 mm.; 4 cats .showed no 
deviation. This increased to 1.5 mm. under Die influence of anoxemia. 
After papaverine hydrochloride (3 mg. per kilogram), the average devia- 
tion was reduced to 0.5 mm. Anoxcniia after papaverine gave an average 
deviation of 0.75 mm., or 50 per cent less than when anoxemia was in- 
duced without papaverine. 

d. Aminophylline . — Tliere were 42 ohsevvaWons. The ai^erage devia- 
tion Avas 1.6 mm., which was rai.sed to 2,1 mm. by the induction of anox- 
emia. These figures compare well with those of tlie controls. 

It is obvious fiom these I'c-sults that niti'ogl.ycei'ine and aminophylline, 
when given in the doses stated, had an adverse effect, or no effect* upon 
the RS-T segment deviation of the electrocardiogram after coronary 
occlusion. Since these drugs are smooth muscle depressants, the op- 
posite result was to he expected; therefore, the effect observed by us is 
not easy to explain. One possibility, irliich may apply especially to 
nitroglycerine, is that these drugs may lower the blood pressiu-e 
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sufficiently to elicit central vasoconstriclijig- effects, but tlie experiments 
detailed below show that none of the three di-ugs, ns given by us 
loAvered blood pressure sufficiently. 

Papaverine alone, or after nitroglycerine, lowered the RS-T rcsimuso 
of anoxemia, which suggests that this drug does actually dilate the 
coronaries under the conditions of this experiment. 

3. The Ejjcct of the Vnsodildtov Druejs tlpoix the lilood Pi'caaxivc of 
the Cat . — 

Nitroglycerine, papaverine hydrochloride, and aminophyliine, when 
injected intravenously, usually cause a fall in blood pressure. To test 
out the possibility that the surmised beneficial effect of these drugs on 
the electrocardiogram might have been masked by a fall in blood pi-os- 
sure, experiments were performed on 3 cats after coronary ligation. 
The drugs were given intraperitoneally and in conformity with the 
routine of the previous experiments. Over a fifteen-minute period, 
anoxemia caused a rise in blood pressure of 5 to 15 mm. Hg. Nitro- 
glycerine (0.75 mg, per kilogram) did not affect the blood iircssure. 
Papaverine hydrochloride (15 mg. per kilogram) and aminophyliine 
(25 mg. per kilogram) caused a fall in the blood ])ressure of 10 to 15 
mm. Hg, Sucli a fall in blood pres.sure did not elicit any changes in 
the RS-T segment.’'* Anoxemia, induced during the slight dcpre.ssion 
of the blood pressure, caused an increase. It may therefore be con- 
cluded that the RS-T segment deviations observed after coronary liga- 
tion, and any further alteration by the three drugs, wei-e not coji- 
tributed to by changes in blood pressure induced by the drugs which we 
used. 

DI.SCUSSION 

The data obtained after experimental coronary ligation indicate that, 
of the three vasodilators, nitroglycerine increased, papaverine hydi’o- 
chloride depressed, and aminoijhylline did not modify a])pi'eciably, the 
RS-T segment deviation of the eleeti'oeardiogi’am. The data also in- 
dicate that the “coronary vasodilator” effect of these drugs was not 
masked by a fall in blood pressure, for it was shown (a) that the tail in 
blood pressure was slight, and (b) that onl.v a much gi’cater fall in blood 
pressure modifies the RS-T segment.’'* 

The lack of effect of aminophyliine on the RS-T segment may be due 
to several causes, (a) The do.ses used by us may not have been suf- 
ficiently large, (b) In experimental coronary ligation oi the tyjjc em- 
ployed in the.se experiments, thci'c is a chance that the collateral circula- 
tion is poor, and therefore the drugs may reach the anoxic ve.sscls in 
insufficient amounts to be effective. Wc know that blood docs reach tlie 
area of cardiac tissue involved in the ligation becau.se iiiduced anoxemia 
increases the RS-T segment deviation which was piuduccd Ijy the li.ira- 
tion.’"' (c) A species difference may explain the beneficial eflccl.s ob- 
tained in man by Williams, et al.,* wlio used a number of xanthine 
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derivatives, (d) In man, tlie pathology of cardiac infarction after 
“coronary occlusion” differs materially from that of experimental liga- 
tion. The noninfarcted cardiac muscle which is still functioning is not 
normal, (e) It is believed that in the conscious animal, coronary occlu- 
sion is regularly accompanied by vasospasm,^-''’ whereas, in experimental 
coronary ligation, as it is usually performed, there may be little or no 
associated vasospasm because of the surgical anesthesia. In fact, it is 
possible that, in the cat, there is dilation of the blood vessels collateral 
to the ligated area as a result of the anoxemia, and it may not be pos- 
sible to increase further this dilation by the use of vasodilator drugs. 

The “beneficial” effects of papaverine are in keeping with our 
previous observations,’" as well as of those of Linder and Katz,’"’® who 
obtained obvious coronary vasodilation when the perfusion fluid con- 
tained papavei'ine hydrochloride in a concentration of 1:120 to 1:1190,- 
these eoneentrations could not be attained in in vivo experiments. Our 
own experiments indicate tliat no such concentrations arc necessary, for 
vasodilator effects were oliservod with the use of 3 mg. per kilogram 
intraperitoneally. 

SUMMARY 

1. Observations -svere made on the effect of nitroglycerine, ])apaverine 
hydrochloride,* and aminophylline upon the RS-T segments of the 
electrocardiograms of 16 cats under sodium pentobarbital ane.sthesia. 
The cats were studied (a) before and during induced anoxemia, and 
(b) before and at intervals after coronary ligation. 

2. The three vasodilators lowered the blood pressure lo.ss than 15 mm. 
Hg, and only for a .short time, 

3. Lowei’ing of the blood pre.ssurc artificially by acute withdrawal of 
blood had no effect upon the electrocardiogram until a blood pressure 
of about 30 mm. Hg was reached, when induced anoxemia resulted in a 
greater RS-T segment deviation than previously.’-’ 

4. The RS-T segment deviation produced by coronary artery ligation 
was increased by nitroglycerine; papaverine hydrochloride decreased it 
after the nitroglycerine, as well as when no previous medication had 
been given. Aminophylline had no consistent effect. 
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Clinical Reports 


CONGENlTAIj PUJ.I\10NAK.Y STENOSIS AVITU OEOSEl.) 
CARDIAC SEPTA 

Retokt of a Cask With Comments Rfajaruino tuk (Jircit.ation Timi; 

Rockks E. Cakuison, ^l.D., Wisconsin Kaimds, Wis., and 
Roukkt JI. Fkiait, JIhavaukkk. Wis. 

INTUODCCTION 

^ON(>ENJTAIj slonosis of (ho imlmoDiiry valve, wilh olosod cardiac. 

sepia is rare. In Idaude Abboll’.s' eolleclcd series of 1000 ea.ses of 
congenital heart di.sease, jndinonary stenosis witli closed anriinilar and 
Aontiieiibu sepia occurred niiu' limes. The present case is rejiorted 
because ol Ibe rarity ol (lie lesion and lieeause of llie ajiplicalion of 
circulation time moasureinenfs to the diagnosis. 

(\\SK UKl’OUT 

TJic piitwnt, !t lij-yo!tr-ahl ciglifli gnulc itiipil, was seen lirst iii .Marcli. IDIO 
hhe complained of increasing dv.^pnea and cyano.^is of about one vear’.s dnratioa’ 
feiio liad never i.een cyanotie or dy.spneie Itefore. Careful (j.te.stioning elicited no 
other eoinpIauUs. Iter Ifirtti was noraial amt she was not a “Idue l):ibv.'-’ .\| tl„. 

ago of five she bectone ill with fever and joint ,,ains. These sv.nptoms snl.si.led 
n two or three weeks, Imt site was kept in l.ed for a year because her nlten.li.tg 
physreian said slie had rheutnatie fever wl.ich alTccteil her he.-irl. J.\,r tin* next 
eig It years .slie got along well by observing moderate re.strietions in her plivsicd 

.n'r 

In October, 10.12, the patient vi.sited the Mavo Clinie.* .\t that time tloe. , 
no cyanosis. A systolic n.nrmnr and thrill weri* found in tim rmilmir arJr ' m 

lit “rs r ^ 

tbe systolic blood presstlre^^^'S^ m 

the second and third left intercostal sictccs TIoT systolic tliriU in 

H :;:;r r,r; 
Ti:;: i:;: ^ 
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over tlie whole precorclium and posteriorly in the left interscapular space. The 
point of Tnaxiinuni intensity of the nuirniur was in the second left intercostal space 
just to the left of the sternum. The pulmonary second sound was diminished. 

Fluoroscopic examination showed a normally active, heart of normal size. There 
was marked prominence of the pulmonary conus as viewed in the anteroposterior 
and right anterior oblique positions. A roentgenogram confirmed the fact that the 
pulmonary’ conus was prominent. 

The erythrocyte count was 8,100,000 per cubic millimeter, and the hemoglobin 
was 19. G Gm. per 100 c.c. The arm-to-tongue circulation time, measured with 10 
per cent calcium levulinate, was 10 seconds. When 20 per cent calcium gluconate 
was used, the circulation time was 11 seconds. Both readings were considered to 
be within normal limits. 

A diagnosis of congenital stenosis of the pulmonary artery, with interventricular 
septal defect, was made. Activity within the limit of the patient’s ability was 
recommended. 



The patient continued in .school aiid remained fairly well until Decembei, l.GO, 
when the dyspnea and cyanosis became more intense. 11 hen she was seen jMarch 
5, 1941, she had mild grippe. The dyspnea was somewhat greater than formerly, 
but the other features were \inchanged. She made a nipid recovery from the acute 
infection. On Alarch 10, 1941, the patient e.vporienced two attacks of severe dyspnea 
and died in the second attack. A few hours before death the pulse rate was 13 — 
There were no rales in the lungs and there was no edema of the o.vt remit ies. 

PO.ST-510RTEM EXAMINATION 

Only a limited autopsy was permitted. The pericardium was normal. The heart 
was not weighed, but it api)eared to be normal in size. The aije.x uas formed In 
the right ventricle. The auricles were not dilated or liypertrojdiicd. The a\oragc 
thickness of the right ventricular wall was 2S nun, (Fig. 1). fl'f’ 
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ventiiele averaged 21.5 ram. in. tlriekness. The capacity of the right ventricular 
cavity was estimated at 10 c.c. The cardiac septa were closed. The cusps of the 
pulmonary valve were fused into a cone, at the apex of which there was an open- 
ing 2 mm. in diameter (Fig. 2). At the anterior commissure there was a slit, 3 
mm. in length, which did not connect with the ahove-mentioned opening. The valve 
surface about the opening was surrounded by a 3 mm. band of pinkish, moderately 
friable vegetations. Tlie pulmonary artery appeared slightly decreased in diameter, 
and its wall was smooth. The aortic valve and the aorta were normal. The mitral 
valve was thickened and slightly deformed by firm, fibrous nodules. There n as no 
fusion of the cusps. The chordae tendineae were thickened and shortened. There 
were fresh vegetations on the line of closure of the valve. The tricuspid valve 
was similarly deformed, but to a less extent; there were a few fresh vegetations 
at the line of closure. The lungs were crepitant and the sectioned surface was dry. 



nulmlmaiv artery is laid open to show the slit-like opening- in the 

mtX” flTge?lrinX"'\iillt^erpXt^^ vegetations. The prosector’s 


COMMENT 


In tlie presence of pulmonary stenosis witli a septal defect there is 
usually a shunt of venous blood from the right side of the heart into 
the aiterial blood of the left side of the heart. In such cases the circula- 
tion time from the arm to the tongue is greatly shortened. The stimn- 
ating drug does not have to go thi’ough the pulmonary circulation be- 
fore it reaches the tongue, so that it gets to the tongue much more quickly. 
AIcGnire and Goldman" have reported circulation times of four seconds 
m cases of congenital heart disease with venous-arterial shunt. They 
lonnd that the average circulation time for normal children was 10.6 


In the present case, the circulation time was normal. This factor alone 

o Zd "r diagnosis of pulmonary stenosis with 

cw m t"',!- “'"T "’ithout a septal deject 

eapsed ns to diagnose the more common condition in spite of the normal 
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circulation time. The fact that the circulation time was normal and 
that closed septa wore found at autopsy suggcsls that measurement, of the 
circulation time may be a valuable adjunct to the differential diagnosis 
of septal defects with venous-arterial shunt. 

The old rheumatic deformities of the auriculoventricular valves were 
incidental abnormalities. Since there was no auricular dilation or 
hypertrophy, the valve lesions must have produced little or no functional 
disturbance. The acute vegetations on the pulmonary and auriculo- 
ventricular valves may have been manifestations of bacterial endo- 
carditis. There were no clinical signs of this disease. 
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THREE CASES OF LOCALIZED GUMMATOUS MYOCARDITIS 

DA^^D M. Spain, M.D., and Max ME Johannsen, M.D. 

New York, N. Y. 

tN the laboratory of pathology at Bellevue Hospital, in the past year, 
1 we have encountered three examples of gummata of the heart; in 
one of the cases there was, in addition, extensive gummatous pulmonaij 
arteritis. Only seventeen eases of the latter disease are to be found in 
the literature. 

There are two distinct types of myocardial syphilis, excluding the 
acute syphilitic myocarditis described by IVarthin, about the existence 
of which there is a great deal of doubt, namely, diffuse and localized 
gummatous myocarditis. 

CASE REPORTS 

Case 1. — A 63-3'ear-old white railroad worker was admitted to the iPourtli Medical 
Division, August 9, 1940, with the complaint of progressive swelling of the abdomen 
for three months. For the preceding ten j'ears he had been treated for arteriosclerotic 
heart disease. However, he had had no symptoms of diminished cardiac reserve until 
about two years before admission, when he noted some breathlessness on climbing 
stairs. Three months before admission lie first noted swelling of the abdomen. 
Two months later, edema of the ankles was first noted. For ten days prior to 
admission his dyspnea increased markedly. 

Upon admission the patient was markedly cyanotic and dyspneic, and the cer- 
vical and abdominal veins were engorged. The blood pressure was 90/70. The 
apex impulse of the heart was in the fourth left intercostal space outside the mid- 
clavicular line. Tlie sounds were poor in quality, and the heart rate was 108. The 
pulmonic second sound was louder than the aortic second. There ivere a coarse 
systolic murmur at the apex and a harsh systolic murmur over the pulmonic area. 
Fluid was present in the abdomen. 

The blood Wassermann reaction was strongly positive. An electrocardiogram 
revealed auricular fibrillation, coupling, and intraventricular block. 

The patient grew worse rapidlj', and died suddenly on the si.xth day. 

Necropsy Observations. — ^Necropsy was performed twentj’^-four hours after death. 
The abdomen was distended and contained 1500 c.c. of clear yellow fluid. The 
lower extremities were very edematous. 

The pericardial sac was completely obliterated by fibrous adhesions. The heart 
weighed 900 grams and, in situ, presented anteriorly only the greatly enlarged 
right ventricle. On opening the right ventricle, we found a large, yellow, nodular 
mass which replaced and apparently invaded the columnae carneae and papillary 
muscles, and extended into the pulmonary conus, immobilizing the pulmonary leaflets 
and stenosing the valve. The pulmonary artery itself, for a distance of about 
6 cm. from its origin, presented similar, small, scattered nodules (Fig. 1). The 
tricuspid leaflets were normal, but their chordae tendineae were shortened by in- 
vasion by the gummata of the corresponding papillary muscles. On section, this 
tissue had a bacon-like appearance. The left auricle and ventricle were moderately 
hj^ertrophied, but showed no dilatation. The mitral and aortic valves showed 
minimal calcification. There was no separation of the commissures of the aortic 
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valve. Tlie coronary ostia and arteries were patent throughout, 
slight atlierosclcro.sis. 


The aorta sliowed 


Microscopic e.xaniination revealed that tlie yellow nodules eon.si.slod at their 
periphery, of myocardium which was pale and poorly pre.served, with moderate 
fibrosis and small round cell infdtration, e.specially in the perivascular area« More 
central to this, there was a well-demarcated and unusually well-vascularized area 
of necrotic myocardial fibrosis, through which were scattered numerous lympliocvtes. 
plasma cells, and occasionally multinucleated giant cells of the Ivanghans type! 



Ftg. 1 . — The heart in Case 1, showinB massive gummatous involvement of right ven- 
tricle and pulmonaiT artery. 

This zone blended into a dark brown, completely necrotic mass in which no cellular 
structure was recognizable (Fig. 2). Levaditi’s stain for spirochetes and specifd 
stains for tubercle bacilli .showed nothing. Sections through the yellow nodules 
in the pulmonary artery revealed essentially the same histologic jiicture. Sections 
through the intervening areas revealed perivascular lymphocytic iind plasma cell 
infiltration and vascularization of the media. The latter was indistinguishable 
from syphilitic mesaortitis. 

Microscopic e.xaniination substantiated the gross diagnosis of massive gummatous 
involvement of the right ventricular myocardium and gummatous pulmonary arteritis. 

C.t.SE 2. — A 5G-year-old, white woman, formerly a showgirl, was admitted October 
7, 3940, to another hospital, and transferred to Bellevue Hospital three days later. 
The transfer summary stated that the patient had shown the signs and symptoms 
of congestive heart failure for one month yirior to admission. Because the jiatient 
devclopccl a psychosis, she was transferred to the Third (New "3 ork University) 
Psychiatric Division, Bellevue Hospital, 
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The previous history prcscuted nothing rvorthy of note m the 

the knees. Tlic liver ua.s palpable 3 cm. below the eo.stal margin. _ 

The heart was enlarged. The rhythm was normal, nml there were occa.sion. 
The heait r as enmigt pre.ssurc, 

premature contractions, ihe i.uc was o_ i ; cunorticial neuro- 

lOO/GO A systolic murmur was heard over the apex and base. A suporhei.il nei i 

logic examination showed nothing abnormal. P.syehiatrie examination confirmed 

the diagno.sis of psychosis of a type not definitely determined. 



Fig. 2. — Photomicrograph of sccction through gumma in Case 1 — H. & E., paralltn ; 

XI till. 


The electrocardiogram showed low voltage, witli auricnloventricular dissociation. 
The blood Wasserniann reaction on admission (reported after death) was strongly 
positive. A roentgenogram of tlie che.st wa.s reported as sliowing cardiac enlarge- 
ment in all diameters, with accentuation of all cardiac curves and obliteration 
of the cardiovascular angle. Tlio otlier laboratory data were negligible. 

The course wa.s characterized by progrc.s.sivo failure and increase in stupor. The 
patient W'as treated with diuretie.s, .sedatives, and oxygen. Thirty-six lioiirs after 
admission she died; this was appro.ximately live weeks after tlie onset of signs 
and .symptoms of cardiac failure. 

Necropsy Observations. — N'ecropsy was performed twenty-six hours after death. 
The lower extremities and subcutaneou.s ti.ssues of the abdomen and chest wore 
edematous. 

The heart weighed 500 grams. The right aurieular appendage contained an 
organized thrombus. The apex of the riglit ventricle adjacent to the interventricular 
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septum Tvas ainned and very lienaorrhagic. An organizing thrombus was attached 
to the endocardium in this area. 

The left auricular endocardium tvas studded iritli small, smooth, rounded, firn! 
nodules. On section they were yellowish-white and extended into the auricular wall 
(Fig. 3). The posterior mitral leaflet mea.=nred over 1 cm. in thickness, thus stenos- 
ing the mitral orifice. Its auricular surface presented a nodule similar to those 
in the auricle. It extended into the center of the leaflet, where a grayish-red 



Fie. S.—Heart in Case 2, show'me multiple gummata of the left auricular wall, with 
iuvolvemeht of posterior mitral leaflet. 

necrotic mass was found, wliieh, in turn, gradually merged with a grarish-white 
nodule in the left ventricular myocardium. The anterior mitral leaflet, the aortic 
cusps, and the coronary arteries were normal. The left ventricular mjocardium 
revealed many small areas of fibrosi.=, but no nodules oilier than those alreadj 
described. 

The aorta contained numerous yellow and pearly-white plaques with wrinkling, 
ilicroscopic examination revealed that the various nodules in the heart con- 
sisted of a central area of necrosis which gradually changed into loose connectiie 
tissue, slightly infiltrated by both large and small round cells, plasma cells, and 
macrophage.^ (Fig. -5). The aorta showed thickening and fibrosis of the aiUentitia, 
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,vith lymphocjtic and plasma Lcva'ditPs 

. .we .acnu. 

Microsronic examination substantiated the irross diagnosis ‘ 

of tie myocardium, endocardium, and mitral leaflet, and sypluUtm noUrtrs. 
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Fig. 4. — Photomicrograph through one of the guminata in Case 2. H. & E., parailin : 

XIOO. 


Case 3. — A 53-year-old Greek waiter was admitted November 14, 1940, to the 
Tliird (New York University) Medical Division of Bellevue Hospital. Ten -weeks 
before admission, the patient suddenly collapsed while walking and was unconscious 
for a few minutes. Similar attacks recurred twice, and, because of the frequent 
occurrence of dizzy spells, the patient entered another hospital. There the cardiac 
lesion was thought to be myocardial fibrosis, resulting in partial intraventricular 
heart block. The patient had had a chancre in 1922, and was treated with six 
injections. After the blood IVassermanu reaction was found to be strongly positive, 
the patient was treated with intramuscular injections. Otherwise, treatment was 
symptomatic. After discharge from that hospital, the attacks of dizziness and 
syncope reappeared, and the patient was finally admitted to Bellevue Hospital. 

Physical examination revealed a blood pressure of 150/62 and irregularity of 
the heartbeat, witli a ventricular rate of 58 and a pulse rate of 42. The size of 
the heart was at the upper limit of normal. A systolic murmur was heard at the 
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apex. The second aortic sound was accentuated. Tlie sounds wore of good quality. 
The liver was palpable 5 cm. below the costal margin; it was smooth and not 
tender. The testes were enlarged to four times their normal size. They wore regular 
in outline and very firm. The patient had moderate edema of the ankes. Tlic 
leucocyte count was 10,000, and the differential count was normal. The electro- 
cardiogram showed complete aiiriculoventricular. block, with idioventricular rhythm. 

Shortly after admission, the patient lost consciousness for fifteen seconds, ceased 
to breathe, and no heart sounds were audible. Gradually, cardiac contractions were 
resumed and the patient recovered. Thirty-six hours after admission the patient 
died. 

A clinical diagnosis of myocardial gumma was made. 



Necropsy Observations . — Necropsy was ])crformed forty-eight hours after death. 
Except for evidence of congestive heart failure, the relevant pathologic changes 
were confined to the cardiovascular .system and to the right testicle. 

The heart weighed 400 grams. The left ventricle was only .“lightly enlarged. 
The coronarv arteries were sclerotic and their lumin.a narroued. In the inter 
ventricular septum, near the base, there was an area about 3*/: c”'- di.uncter 
which was pale yellow, in contrast to the smooth, gli.stcning, white cndocarduim 
elsewhere. On section this lesion was found to consist of yellow-white, honiogeneous, 
and soft but nonfriable ti.“sue, only fairly well circumscribed, which faded gradual y 
into normal myocardium (Fig- .u)- This lesion extended through^ the entiri t iic ' 
ness of the interventricular septum, sparing only the cndoeardiiim of the rig i 
ventricle. There were two other similar lesions adjacent to this one in the upper- 
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most part of the intorvontriculur septum. The eoinhiiied lesions iiivolvetl liotli llie 
membnmous and muscular portions of the int erven tric.ular septum, lllsewliere the 
niyocardium appeared normal. 

The aorta showed a moderate dejiree of wrinltlinp: and jiearly-white elevations. 
The right testis was only imlistinetly outlined iind was .‘.urroumled hy a mass 
of grumous, yellowish material. 

Jlicroseopie examination of tlie myoe.'irdial lesion showed a much thiekened 
endocardium overlying fairly well-vasculari/ed, loose, ecdlagenoiis tissue, with some 
amorphous debris which resendded caseous material. The surrotmding tirea, espe- 
cially about blood vessels, was infiltrated with plasma cells, lymphocytes, and :i lew 
polvmorphonuclear leucocytes. Mtiny young connective tissue cidls, with large 
pale nuclei, were seen (Fig. (5). Tlie aorta showed scarring and vaseiilarizalion 
of the media. The swelling of the right testis was identified as ti gumma. 

Microscojiic examination continued the gross diagnosis of gumina of the myo- 
cardium. syp’iilitie aortitis, and gumma of the right testicle. 



Pig. C. Pliotomlcrograpli of .section of Kuimiia In Ca.se :i: U. * K„ XIOC. 


V.U.M.'1C..N 




Throe ea.se.s of looiilizod gtimititilotis inyoeardili.s m'o roiiorlod. The 
cleetroenrdiograni.s in all three eases revealed eondiieiioii defoel's. ]n 
Ca.w 1, the gumma imjtiugmd o» both (he trieuspid aud itulmouiiry valve 
leailets, produemg fuiielioiial imiiairmeiit. In C.-ise 2. the gummatous 
tesuc invaded the jmstcrior mitral leallot aud produced stenosis aud 
uisuffieicuey. None of the three patients pre.scnted enough eliuieal 
signs for the diagno.si.s of any of the commoner eardiae, disorders 
Although stains for spiroeheto.s were negative, each of the throe 
elsPt 1 inioroseopie lesions eharacteristio of .syphilis 

the blood AVa.s.sentmuu 

leaetion in all tliree eases ivas .strongly positive. 



ELECTR0CARDI0C4RAPHIC CHANGES ASSOCIATED WITH 

ACUTE PORPHYRIA 

Maurice Eliaser, Jr., M.D., and Bejcjasiin 0. Ivondo, j\LD. 

San Francisco, Calif. 

'^HE vascular changes whicli occur in acute porphyria liavc been 
mentioned hy several authors.^'^ Hypertension and renal disease 
ha^"e been observed so frequently in this condition that they are con- 
sidered an integral part of the syndrome, together with psychic insta- 
bility,-' abdominal phenomena which usually simulate mechanical ileus, 
neurologic changes of the flaccid paralytic variety, and porphyz-i?! in tlie 
urine. A slight tendenc}' toward photosensitivity may or may not bo 
present. Waldenstrom’* ’’ stated that the renal disease and hypertension 
in acute porphyria are caused by artcriospasm. He described a ease 
in which he detected angiospasm of the retinal arteries in the presence of 
amaurosis. In previously reported casc-s, sufficient coronary arleriid 
spasm to pi’oduec anginal pain has not been noted either clinically or 
eleetrocardiographically. 

The patient with whom we are here concerned had hypertension, as 
well as the usual neurologic, psyehie, and abdominal symptoms that arc 
associated with a severe acute attack of porphyria. There was no clinical 
evidence of cardiac distui’bance that could be classified as congestive 
failure, or that suggested coronary arterial disease. The electincardio- 
graphic changes during the acute attack and the return to normal as 
the condition subsided may well represent evidence that the associated 
coronary ai’tery spasm was neither permanent nor the direct result of 
the action of that particular form of porphyrin which was detected in 
the ui’ine in this case. This conclusion is supported by the observation 
that, in spite of the remarkable clinical impi’ovement, relatively large 
quantities of the porphyrin which was present during the exacerba- 
tion were still found in the urine. Waldenstrom-'' stated that the por- 
phyrin which is excreted in the urine is not necessarily the substance 
that causes the neurologic changes. It may well be that this 3 ')orphyrin 
likewise is not the substance whicli causes the vasospastic phenomena. 


ca.se report 


M. R., n white, married housewife, aged .32 year.s, entered the San Frnneifco 
Ho.'jpital January 11, 1039. 

Chief Complaini . — Abdominal pain of two days’ duration. 

Present Illness . — The patient had been in the hospital on several occa.«ions be- 
tween April and December, 1938, and diagnoses of chronic alcoholism, partial bowel 
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]n nivi'inlti'r, jilu' 


^bstrnction, uud rifjht urofral .lr..M«n. huj In-on ar.ulo. In ' ' ^ ^ 

i,,ul been di.cl.urgod nftor n hvo-day utDu-U of fovc-r, a.so.-.at.Mi o. b ‘"'V*'' 

obstruction" of unknoun etiology. Low nbdonuntd luiin. lann in tl.e b.,, k. ..n<l 


obstruct 
lui 

obstruction' 

anorexia bad persisted. , i 

Two davs before entry on dannary 11, HliW, ubc bnd at. attack of nn.u-ea and 

vomiting during whicb she expelled clear, nn.c.ud nuiterial. Subsequently, sbarp. 
cramp-like, gcneralir.od abdominal pain became evident. These symptoms persisted, 
with short respites. On the following day the pain radiated to the hips and tlie 
vomitus became bile-tinged. 

Fainih/ 7/i.s/ori/.— Tlie family history was negative in regtivd to any illnesses 
that miglit liave been manifesttitions of jiorphyria. 

Past Kistorii. — TIio patient stated tliat sedtitives, possibly of the liarbilal group, 
had been given to her for insomnia and nervousness during a period of emotional 
and psvchic instability Iiefore the neundngie. changes had ilevidoped. In I'.'.'.S, a 
hysterectomy had been performed. An injury sustained in childhood had resulted 
in blindness of the right eye. 

Phvsical Fxaminatinn. — 'J’he patient w.as it well-dt'veloj’t'd, widbiiourishi'd woman. 
.Vt the time of oxiimination she was obviously in great pain. The head iiml skin 
were normal. Anisocoria w.as present. The left pupil gave tiormitl responses to 
light ami ia aee.omniodation. The right eye showed eviileiiees of exojdioriii iind 
was blind. The nose, moutii, m'ek. thorax, and breasts were iiorimil. 'J'he heart 
was norm.'il e.xeopt for it soft, iiasal sy.stolie murmur. The piTipherid ve.-sels were 
palpably normal. Tlie jtressnre ia the braeliial artery was 17(!/ll(i. The pressnn' 
wa.s equal in the t.vo iirnis. 'I’iie ab<lomen was flat ami symmetrieiil, with a low 
mi(Min(‘ .sear; tenderness wns tdieited in nil tpmdrnnts to deep jialjeititm. There 
wa.s no evidence of guarding, relmiiiid plieiiometioti, or .’iscitt's. Horborygiui were 
normal. The inusctihir devehqimcnt of the extremities n'fis minimi .'utd no wasting 
was noted. Xorinal refh'xes were fibtiiincd bilaterall.v. .‘Sensation to tmieh Wiis 
slightly diminished liidow the knees. The psyrhialrisl who exiiniined the piiticiit 
suggested that the recurrent, unexplained, abdominal {lain might be eaused by 
ji.sycliic traiiiiia, and fimt the imtient iniglil be addicted to narcotics. 

Laboratory Kxarniiiatiou. — Urine analy.sis on .Innimry Ig, l!>.’!!>. discloscil a clear 
amber color; a pll of .'i.o; a specific gravity of J.Ol't; a slight trace of albumin; 
no reducing snbst:inces; a few hyaline casf.s; and .'t erytlirocyti's to each high drv 
field. The hemoglobin value was per eeni on the .‘^ahli scale, with ■1.170.110(1 
erythrocytes ]ier cubic millimeter. T!icr<! were ti.sotl leueocyies per eubie millimeter. 
71 per cent of wliic.li were noiitrojibils and 8 jier rent eosinojiliilic polymorphomielcar 
colls. The blood AViissermniin reaction was wi'gnlive. The nidiologie. rejiort was 
as follow.s; “There i.s a minimal gii.«e()ns dilatation of the eolon, no evidence of 
inte.stitial obstruction or opaque caleuli. " Kxerelion )iyelogrnnis showed “poor 
filling of the loft kidney jirobaldy due to .sjiasm but no evidenee of jiatliologie 
findings in tlic genitourinary tract." Tim skull also was normal radiologically. 

Coarse.— On .lamiary ::o, the patient eomidained of iimbilily to"' use' her 

hands, arms, and legs. Neurologieally. lior condition was said to resemble tislasia 
abasia. Lumbar puncliire revealed no abnoriimbTie.s- of either pre.s-siire relalionsliijis 
or chemical content of the spinal fluid. The urine for the first lime was of a 
reddi.sli-ainhor color, and the hemoglobin had (lro(iped to nO jn-r eenl (.Salili). 

Two days later the patient was transferred to llio psychiatric service. A eoutral 
type of facial palsy, vertical nyslugmus, a generalized 'flaccid ])nralvsis of the ex- 
tremities, and a dccroasod response to fnrndic stimiihilinn wore noti'Ml. 'i'la- svn<;- 
tions were normal. Laryngeal ]>araly.s-is, iiiu.scular jiain, ami liviierestla.sbi 
s^uently developed. Trichinosis and jmrinrferifi.s nodosa ivore su.spected but biopsv 
of the pectoral muscle was negative for both eacy.sted trichinae and nrlerial changes 
'iho precipitin tc.st for trichinosis wns nognlive also. The fasting blood urea 
nitrogen was 47 mg. per cent. The electrocardiogram i.s presented in Fig 1 
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Four months later, on May 9, 3939, the patient was transferred to the Laguna 
Honda Home Infirmary. Her physical and mental status was l.ut sli-dalv chanr.cd 
Later it was evident that atrophy of the muscles of the hands, logs, and arms was 
becoming progressively more severe. Left lateral ny.stagmus was demonstrated. 
The deep tendon refle.xes were absent. Xo sensorv changes had occurred In 
October, 1939, dysphagia, with nasopharyngeal regurgitation of food, and dvsarthria 
occurred. Subsequently, evidences of aspiration pneumonia were noted. It was at 
this time that the diagnosis of acute porphyria was made and proved by spectro- 
scopic identification of porphyrin in the urine. Therapv was instituted with cal- 
cium and ^'itamins (including vitamins A, B, C, D, and G, but excluding vitarn'in 
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Fip. 1. — ^Electrocardiogram recorded February 25. 1030. Tbc patient manifested 
the neurologic cliange.i; noted 5n tlic ca.se report, as well as ljypetten.«ion and renal 
disease. Apparent arc sinus tachycardia, marked elevation of tlic S-T segment in 
Lead I. dimini.shed voltage of the major deflections, and left axis deviation. r,ead 
IV is the IV-F of tlie Committee on Prccordia! Eeads of the American Heart Asso- 
ciation. 


E) in largo doses (e.spocially tbc vit.amin B eomple.x). Iron and liver extracts were 
administered both orally and parenterally. As no improvement had occurred on 
this regime after four months, the administration of alpha tocopherol wa.s begun 
April 20, 3940, and all other medication was discontinued. The results are noted 
in Fig. 2. This form of therapy has been continued to the prc.sent time, Tlie 
patient is continuing to improve. Her motor power has increased .so that .she can 
walk unsupported. Her mental aberration no longer exists; .she is reniurhabiy 
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stable einolionall.v, and lias aente insisltf, osjioeiaily in rc^innl to the ]n*ri(nls of 
alcoliolism and psychic instability which were pmaiiiienl at the onset of the illness. 
AVrist and ankle droji of niodorale degree per.sisf. Bulbar disease i.s not evident. 
All deep tendon reflexes are obtainable. Xo reaction of degeneration can bi- deni- 



nornnd; the bhiorpSuro 1^10’./-^^^ t'ryfhrocytc count are 

- l^ig. 2. An electroeardiog^aiT tu^n - -^^-wn 

to improve, i.s shown in Fie -> n <'ft<'r .she began 

Fig. 4 . February 2 .(, IP.fi, is shown i” 


TJie electvoeai'dioa-i-iipiiie tiljiiortnalilics at llic mi^ot r .1 

t>on ^'0 a,. ...obaWli,, .....u co™„„ 
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strongl.v suggest that the acute attack was associated witli trajisient 
anterior coronary artery disease. Judging from the reports of others 
who have recorded electrocardiographic changes in acute hypertensive 
states, we conclude that hypertension alone could probably not pro- 
duce such changes. The abnormalities in the electrocardiogram consist, 
principally of elevation of the S-T segment in Lead I and slurring of 
the S-T segment in Lead III. Elevation of tlie S-T segment in Lead 1 
is certainly not the usual result of uncomplicated hy])crtension. 



Kip. — ElectrocarJioprani recorded June CS, 3040, durinp llic period of rcmi.c.slon, 
without liyperten.=ion or evidence of renal disease. The rate is SO per niiniite, tiif.’ 
S-T sepnient in Lead I is normal, and the voltape of the major deflections is in- 
creased. 


Whether the hypertension in acute porphyria is the result of renal 
i.schomia, peripheral vasomotor changes, or botli, has not yet been ascer- 
tained. The electrocardiograpliic changes are apparently caused by 
transient myocardial i.sehemia, rather than actual cai’diac infarction. 
They are evidently the result of coronary arterial spasm, which is but 
one aspect of the general ])henomcnon of angiospasm probably the 
fundamental jiliysiologic derangement in acute porphyria. 
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SUMMARY 

T]ie clinical report of a patient M'ho was observed in an exacerbation 
and remission of acute porphyria is presented. 

The electrocardiographic changes that occurred suggest that the angio- 
spasm which is Imown to be an outstanding phenomenon in this disease 
involves the coronary arteries as well as other blood vessels. 

The reversion of the electrocardiogram to normal with the subsidence 
of the syndrome was sufficiently well defined to warrant the conclusion 
that the vasospasm is of a transient nature and does not produce perma- 
nent myocardial disease. 

We arc grateful to Dr. Gordon E. Hein for his guidance and for the spectro- 
scopic determinations of porphyrin in connection with this case. 
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TRAU.AIATIC RUPTURE OP THE RIGHT VENTRICLE 
AN UNUSUAL CASE 

AYiluam Steix, axd Eucexe Revitch, IM.D. 

New BituxswicK, New Jersey 

I N 1935, Claude S. Beck’ reviewed the .subject of contusions of the 
heart and outlined the followinji: inechanisnis by which rupture of a 
heart takes place as a result of nonpenetratin 5 ]i: forms of trauma to the 
chest. 

1. Contusion of the heart, M-itli subsequent softening:. This softening 
is usually greatest during the second week, and there is the i)ossibility 
of cardiac rupture at that time. 

2. Increasing intracardiac i)rc.ssure by the application of compression 
force to the legs or alxlomen. 

3. Broken ribs driven into the heart. 

4. Bursting the heart by comi)re.ssion between sternum and vertebrae. 
In the same year, Bright and Beck- coin])lctely reviewed 152 cases of 
cardiac rupture in the literature up to that time, and cited only one 
in which rupture was caused by coni])re.ssion of the heart between the 
sternum and spine; this would fall into Group 4, as outlined above. 
Review of the literature since then .shows no similar ease. 

CASE REPORT 

S. E., a wcll-iiourisliod and well -developed white boy (ago, 12 years; heiglil, 5 
feet 2 inches; weight, 145 pounds), had alway.s been well e.\'(!e|)t for measles. There 
w!is no history of rheuinatic fever, syphilis, or congenital cardiac anomaly. 

On February 1, 1041, ho w.as riding on a .sled, face down. The .sled was tied 
to the re.ar of an automobile and was being pulled at n .slow speed for the pleas- 
ure of the boj'. A coinj)anion jumped directly on him to share the ride, lie flung 
himself lengthwi.se on the boy a.s chihlreu often do. 'I'he latter lot out a peculiar 
noise that alarmed the lad on top of him, and he, in turn, e.'illed on the driver of 
the car to stop. When they looked at the victim ho was quiet and nonresponsive. 
They immediately rushed him to the hospital, where the intern (one of us, E. E.) 
pronounced him dead. 

Autopsy was performed by Dr. William C. Wilontz. External examination re- 
vealed the following signitlcaut points. The bodj- was flaccid and cold. The lips 
"ere cyanotic. There was a 5 inch hy 1 inch bru.sh abrasion contusion mark over 
the right anterior portion of the chest wall at the level of the nipple and to the 
ught of the sternum. There was no further evidence of external injury or violence. 
Internal e.xamination revealed no evidence of any fracture of the ribs, but .slight 
leraorrhage was present in the intercostal tis.sucs directly underneath the external 
contusion abrasion. The right lung was normal. The left lung was normal in 
Size, but the lowermost part of the lower lobe was .severely contused, and, on scc- 
lon, sh owed much hemorrhage. The pericardial .sac was tremendously distended 

Depaitment of Medicine, Middlc.sex General Hosplt.al, Now Brun.swlek, N. J. 
received for publication June 20. 1041. 
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jnth free and dotted blood. Tbe right ventricle was ruptured tbrot.gbout its entire 
ength (Pig. 1 ). TJ.e heart was otherwise normal. The liver, spleen, .and Icidnevs 
nere normal rn me and appearance, but showed mild congestion. TI.c renainirn'r 
viscera and cavities were normal. 

It wa.s evident that the child had died immediately of cardiac tamponade caiwed 
by rupture of the right ventricle. 



Fig-. 1. — ^Traumatic rupture of t!io riglit ventricle. 

COMMENT 

Brjglit and Beek," HaAvkos,-' and Barber^’ call attention parlicidarl.v 
to the fact that living cardiac muscle is A'crv susceptible to rupture by 
almormal external forces. No one part of the heart is injured more 
tlian any other, Avlien all of the reported cases are considered. 

The cause of the death of this child ivas no doubt the .same as in most 
other eases. The comiircssive force was probably applied to tlie clicst 
when the cardiac cycle Avas at tlic end of diastole or beginning of sy.sf.olo, 
when the heart Avas filled AA'ith blood. If, in addition, the glottis hap- 
pened to he closed and the chest was in the inspiratory piiasc, conditions 
for transmission of the compressiA'c force from the chest to the licart 
Avould he particularly favorable. 

It seems to u.s that the riglit A'cntriclc ruptured in this particular 
instance beennse its AA'all is thinner than that of the left A'cntriele. 
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SUMMARY 

A case of complete rupture of the right venlricle, resulting in hemo- 
pericarclium, cardiac tamponade, and immediate death, is reported. 
The rupture was caused hy the application of a sudden compressive force 
to the chest.. 
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Schroeder, H. A.; Arterial Hypertension in Eats. I. Methods. ,T. Evpcr Jlcd 75- 

513 , 1942 . •* 

formal standards for tJio blood pressure of rats under pentobarbital sodium 
anesthesia have been ascertained. Arterial h3-pertension did not consistently follow 
the injection of estradiol and pitrossin in adult rats, and only transient hypertension 
occurred after the injection of dihj'droxphen^'lalanine. Tlic injection of adrenalin 
in oil, however, was followed b}’ cardiac h3'pertroph3", and it also resulted from (a) 
partial constriction of one renal artcr3", (b) the production of unilateral Inalro- 
nephrosis, (c) traumatic injur3' to one kidne3’, (d) inducing unilateral perinephritis 
with a cellophane membrane. The blood pressure in man3’ of the nnimals became 
elevated. 

In rats the weight of the heart is probabl3- a more reliable index of the presence 
of the hypertensive state than is one measurement, or two, of blood pressure under 
anesthesia. The latter is cxtremel3' variable, both in normal and in h3’pcrlcnsivc 
animals. Eats arc, however, liable to h3’per tension under natural circumstances, and 
it can bo easil3' induced in a number of wa3’s. TIic weight of the heart may then 
become rapidl3' increased. To judge from the findings in this species, rats arc very 
susceptible to the production of the h3’pcrtonsivc state, in comparison with other 
animals. 

AuTjion. 

Wolferth, C. C., Livezey, M. M., and Wood, r. C.: Studies on the Distribution of 

Potential Concerned in the Formation of Electrocardiograms. Am. J. M. Sc. 

203 : 041 , 1942 . 

Electrocardiograms made between small areas situated along a line drawn 
from the C, position to the tip of the right acromion (the right arm being re- 
garded as an clcctricall3' intermediate position Ijctwccn the tip of the acromion 
and the axilla) all .show a ventricular contour .similar to Lead CK„ provided the 
same polarity is used in all the.<ie lends as in GK,. This we have called the 0 , 
pattern of potential. The size of the deflections seems to be related to the j)o- 
tenfial vnriation.s at the C, jawition; the di.stancc of the paired areas from the 
heart; and their distance from each other. 

Electrocardiograins made between small nrens situated nhng a lino drawn from a 
po.sition .«]jg)jtl3’ onf.sidc tbo cardiac apex to the tip of tbo loft acromion (the left 
.arm being regarded as an electrically intermediate position between the tip of the 
acromion and the axilla) all show a ventricular contour similar to that of the CE 
lead made to the j)osition just outside the cardiac apex, provided the .‘^aine polarit3’ 
is used in all thc.‘-e Ic.ads ii.s in the CE load. This we have called the Cj pattern, al- 
though it niav' bo derived from the C^ or C, position, depending on. the relation of 
the cardiac apex to the chc.st wall. The size of the deflections seems to be related to 
the potential variations at the C, po.sition; the distance of the paired areas from 
the heart; and their distance from each other. 

700 



SELECTED ABSTRACTS 


707 


By pairing appropriate areas along each of these two lines and making electro- 
cardiograms with the same polarity as in Lead I, a series of tracings closely re- 
sembling Lead I can be obtained. Tlie deflections become larger as the paired areas 
approach the C, and positions. 

Various combinations of three positions can be found along each of these two 
lines whose relationships are such that the ventricular potential of the intermediate 
position is approximately equal at all instants to the moan of the ventricular po- 
tentials of the proximal and distal positions. 

The above-mentioned findings suggest that there is marked decrement in the C, 
pattern between the Cj position and the right shoulder and also marked decrement 
in the “Cj pattern” between the position just outside the cardiac apex and the left 
shoulder. However, there appears to be verj’ little alteration in contour of either 
pattern along these radial lines from the prccordium to shoulder tip. 

By methods described in the text, combinations of three positions can be found 
along each of the two lines, whose relationships arc such that the sum of the ventricu- 
lar potential of the area nearest to the heart along one line plus that of the two areas 
farther from the heart on the other line is approximately equal at all instants to the 
sum of the potentials of the other three areas. Furthermore, when such positions 
have been found, the relationships of the three areas on each side arc such that the 
potential of the proximal area minus the sum of the potentials of the two distal 
areas on one side is approximately equal at all instants to the potential of the prox- 
imal area minus the sum of the potentials of the two distal areas on tlie other side. 

On the basis of the above-mentioned relationships, the following may be demon- 
strated: 

1. Lead I can bo reproduced by the application of electrodes to various combina- 
tions of four chest positions without electrodes on cither arm. 

2. Either the C, pattern of potential is almost completely responsible for the po- 
tential variations of the right arm and the pattern” of potential is almost com- 
pletely responsible for the potential variations of the left arm, or else there is an 
additional pattern of potential variation common to all these areas which is not 
reflected in the tracings because it is identical at areas so near the heart as the 
C, and Cj positions, and so far away as the right arm or tip of the right shoulder 
and the left arm or the tip of the left shoulder. 

3. No matter which of the above alternatives is correct. Lead I represents the 
subtraction of the C, pattern of potential variation after it has undergone decrement, 
from the “Cj pattern” after it has also undergone decrement. 

4. If the first alternative stated above in ”B” is correct, a method can be de- 
vised for recording the potential variations of the ventricular origin in a single 
area. If the second alternative is correct, the method as described records the po- 
tential variations of a single area minus the hypothetical concealed pattern of po- 
tential common to all the areas mentioned in “B. ” Thus, no matter which al- 
ternative is correct, the study of potential patterns can be simplified by the elimina- 
tion of the obscuring effects of the G, and “C^ patterns” present in upper parts 
of the body. 

The presence of the C, and “G^ patterns” of potential can be demonstrated be- 
low the diaphragm by appropriate methods. No test was made for other anterior 
oliest patterns. The rather scanty evidence now available, however, indicates that 
^ pattern or patterns of potential which seem to exert comparatively feeble effects 
^bove the diaphragm (at least in the formation of the C, and Cj patterns) influence 
greatly either the potential variation of the lower part of the body or the hypo- 
thetical concealed potential not subject to the decrement in the upper part of the 
body. From the practical point of view it would appear to make little difference 
which of these alternatives is correct. 
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Limited studies of the lower esophageal pattern of potential (below the level 
at which the electrode is in close contact with auricular muscle) suggest that the part 
of the heart responsible for this pattern lias a marked effect on the form of the 
ventricular electrocardiogram when an area above the diaphragm (at some distance 
from the precordium) is paired with an area below the diaphragm. 

Tlie pattern of esophageal potential, at and above the level where the electrode 
is in close proximity to auricular muscle, resembles that which has been described 
as the endocardial pattern of potential variation more closely than it re.sembles the 
epicardial pattern. The effects of this pattern are probably not entirely negligible on 
the body surface. 

The relationships among potential differences on the body surface resulting from 
cardiac electrical activity appear to be different from what Einthoven eonceived 
them to be when he formulated the equilateral triangle hj-pothesis. The demonstra- 
tion that certain patterns of potential variation found to exist in positions near the 
heart remain intact in positions far from the heart, except for decrement, and the 
relationships discovered as a rc.sult of those phenomena indicate the nccc.ssity for 
reconstructing electrocardiographic theorj-. An attempt has been made to begin 
this reconstruction. 

AuTjroiis. 

ohnell, V. E. F.; Concerning Paroxysmal Tachycardia; Two Families in Whom 

an Inclination to Heart Failure and Fixed Changes in the Electrocardiogram 

Were Constant. Cardiologia 5: 32G, 3 9-11. 

Two families with disposition to heart attacks have been described (frequency 
changes, sensorial symptoms in the heart region, almost unconsciousness, polyuria, 
etc. — these sj-mptoms combined or single). In the electrocardiogram between nf- 
tacks, there is often a gradual rise of the initial part of the QES-complex. Other 
electrocardiographic changes are also described. The possibility that we are deal- 
ing here with one and the same hereditary disease has been discussed. 

Apparently, parox 3 ’smal tachj'cardia mav’ be due to hereditarv' causes. 

Author. 

Perera, G-. A., Levine, S. A., and Erlanger, H.: Prognosis of Eight Bundle Branch 

Block: A Study of 104 Cases. Brit. Heart J, 4: 35, 3942. 

An analj’sis of 104 cases of right bundle branch block has been prepared. 

It was observed that reduplicated heart sounds, gallop rhythm, and pulsus alfernans 
were uncommon in this series. The two latter disorders were noted in a small group 
that had advanced heart disease. 

Forty per cent of the patients had no appreciable sub.iective discomfort from 
the heart. In fact, some have no subjective or objective evidence of heart disease 
apart from the right bundle branch block. 

The average survival time after tlie diagnosis of right bundle branch block of 29 
fatal cases, was three v-ears. If the 0 cases that came into the hospital more or loss 
moribund and died within a few days arc excluded, the average survival period 
of the fatal group was four v’ears and five months. Of the G2 patients alive when 
last seen or heard from, the average survival period was four years and one month. 
The longest survival period amongst the living cases was seventeen j-ears, and amongst 
the fatal cases, sixteen years and seven months. 

The clinical impression that patients with riglit bundle branch block have a 
distinctlv more favorable prognosis than do those with a left bundle branch lesion 
has been sustained. 


AUTIIOIU). 



si;r.i;c'i’i:i> AnsTKACTS TOO 

CampljDll, M.: Inversion of T Waves After Long Paroxysms of Tachycardia. 

Brit. Heart J. 4: 40, 1012. 

After long paroxy.'sin.** of taeliyrardia the T wave.s may lieeoine inverted in one or 
more lends for some diiy.«. 'I’his docs not indicate any orgjmie, disease, hut i.s a 
comj)lefely rever.sihio j)roeess indicating .«onn‘ degree of e.vlian.stion or str.ain of llu; 
heart muscle. 

AUTItOlt. 

Stein, W., and Uhr, J. S.; Congenital Heart Block: Report of a Case. Brit. 

Heart J. 4: 7, 1012. 

Complete he:irt block represents an inability of the stimulating iuijuilses originating 
in the sinn-aurieular node to jiass through the niiriculoventrieubir node and llu' main 
bundle of His, so that the auricles beat at their own rate while the ventricles con- 
tract at the rate governed hy the :iuricHlovenlrieulnr node that has taken over the 
function of jiacemaker, which is usually .'!!) to oO beats a minute, or if conduction 
from the latter is im])aired also, then at their own ventricular rate, which is usually 
below 40 beats jier minute. This heart block may be congenital, which is nire, or 
acquired, which is more usual. 

Yuter (1020) reviewed .".0 cases of congenital heart block reported u[p to that 
lime, and established certain criteri.a that would jpcrmit one to classify a casi' as 
being congenital. Tlic.^e were the following iive points: 

1. Klcetrocardiogra])hic ('videuce. of the blo<*k existing. 

2. A slow pulse tluit had been found prt;sent :il an (>arly age and luol I’ontinued 
to bo ipresent. 

The absence <tf any history suggestive of an infection that might have produc'd 
the block, as diphthori:i, congenital or early acquired syphilis, rheuuiatie fever, or 
chorea. 

4. A history of any one of the following: .syncopal ntt.acks, f:iitiling sjiells (ex- 
plained on the basis of the Adams-Stokes .syndrome), vertigo, headaches, nausea and 
vomiting after unusual exertion, convulsion.s, dy.spnea, and/or cyanosis. (These 
findings may or may not be present and are not absolutely requisite for the criteria, 
but if present add further evidence.) 

5. The presence of a congenital heart lesion, namel.v, jiatent interventricular 
septum (the latter at times being subject to an acquired endomyocarditis, quite 
infrequent in this instance as far as the septum itself is concerned). 

While theoretically if might be possible to explain the heart block on a ])renalal 
myocarditis or syphilis involving the bundle of His or a developmental defect affect- 
ing the bundle of His, these arc most unlikely to occur for practical considera- 
tions. 

This case fits the criteria of Yatcr (1929), 

The etiology of congenital heart block is organic and is based on the pathological 
presence of a patent interventricular septum. Buch septal defects, both hirgc and 
small, are a common deformity and are found relatively frequently. Why thev 
occur clinically without the presence of heart block so often, is odd, but has been 
explained correctly as follows; The usual silo of the interventricular defect is 
anterior to the pars membranncca while the A-V bundle lies behind it (Beech, lO.'lO). 
Inasmuch .as the ventricular complexes in the electrocardiogram of complete heart 
block are normal, it follows that the lesion rc.sponsible for the block must bo in the 
course of the main bundle of His, above the bifurcation close to the septum 
(Lampard, 1928). 

The reason for the almost constant jirescrvatiou of the muscular connection be- 
tween the auricles and ventricles probably lies in the fact that the special bundle ap- 
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pears m tlie fifth ^veeh of fetal life, rvhcrcas the ineinbranous sepuration between 
auricles and ventricles take form between seven and ten weeks. The bundle !.« 
preserved between the posterior endocardial cushion and the posterior portion of the 
annular fibrosis CYater. Leaman, and Cornell, 1P34; Moll, 1912; and Tundlcr 
191.3), 

It is onl\ when the A.-A node or main bundle of His is caught in the congenital 
anomalous development of the septum, or i.s caught in the e.vcessive forma- 
tion of fibrous tissue of the membranous portion of tlie septum interfering witli 
the continuity of the bundle, that heart block occurs (Aitken, 1932). 

The prognosis in general is guarded. A few cases have reached mature adult 
life. It must be remembered that a patent interventricular septum is associated often 
with other congenital cardiac anomalies, the most frequent being the tetralogj- of 
Fallot, These anomalies arc ovcr.shadowcd by the dangers of an engrafted endo- 
carditis. If the concomitant anomalies arc small and do not limit the functional 
capacity of the^heart permitting the subject to survive early life, there is no reason 
to consider the prognosis unfavorable, barring an unlooked-for bacterial endocarditis. 

AuTJions. 

Van Bogaert, A., and Van Eaarle, B.: Contribution to the Study of Arterial 

Hypertension in Connection With the Hypotbalamo-Hypophysial System. 

Cardiologia 5; 273, 1941. 

Starting with the conclusions of a former paper dealing with the role of the 
In-pothalamus in the genesis of a chronic arterial hypertonia, comparable to essential 
hj-pertonia in man, the authors have explored the eventual role of the hyperactivity 
of the In^pophysis and the normal .«ecretion of the hypophysis on exciting the hypo- 
thalamic centers and tracts. After a critical study of the biological signs of a hyper- 
activity of the hiTiophysis in the case of essential hypertonia, the authors come to the 
following eonclu-sion: The freeing of the cnccphalohulbic sympathetic pressure cen- 
ters determines on the one hand the arterial liyportonia and on the other a hyper- 
.secretion of the hormones of the hypophy.sis. Many animal experiments enabled the 
authors to prove this hypothesis. The pre.sence of hypophysis hormone in larger 
quantities than the normal in the biological fluids in no way allows one to conceive 
a causal connection between tlie .secretion of tlie liypopliy.sis and the increase in tbe 
blood pressure, since both are the independent consequences of an excitation of the 
sympathetic encephalohulhic center.^, amongst them that of the hypothalanius. 

AUTiior.s. 


Marrin, H. M.: Tbe Diagnosis of Coronary-Artery Disease. New England .T, :Mcd. 

226: 2ol, 1942. 

The clinical evidence that points to coronary arteriosclerosis consists of a clear 
historv' of anginal heart failure in the ahsenco of tlie oilier infrequent causes, the 
occurrence of acute myocardial infarction, or the jirosence of congestive heart failure 
if otlicr types of heart disease and vitamin deficiency can be excluded. 

The roentgenologic evidence of coronary arteriosclerosis is present if calcification 
of the vessels c:in be domonstnitod, if there is a ventricular aneurysm, or if localized 
reversal of ventricular pulsation is revealed by fluoroscopic examination. 

If myocardial infarction is c.xcluded, there is no change in the electrocardiogram 
tliat in itself justifies the diagnosis of coronary disease, because the alterations on 
which this diagnosis is based may be — and oft<*n are — due to other cau-es. 

AUTIIOU. 
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Lisa, J. B., Magiday, M., and Hart, J. F.: Peripheral Arteriosclerosis in the 

Diabetic and Nondiahetic: A Study of One Hundred and Six Amputated Legs. 

J. A. ar. A. 118: 13.1.1, 10-12. 

The peripheral vaseular patliologic condition of 109 aniputaled logs was studied. 
Tiiere were 56 diabetic .‘jpeeimens and .53 nondiabetic specimens. The two types were 
in the same age period. Tlie women outnumbered the men in the same diabetic 
group. The opposite was true in the nondiabetic group. The arterial changes were 
similar in the two groups. Acute venous occlusions and phlcbosclerosis were more 
frequent among the nondiabetic. Infection with cellulitis was only slightly more 
frequent in the diabetic group. Dr.v gangrene occurred almost as frequently in 
tho diabetic as in the nondiabetic. The occlusive clement in arteriosclerosis is the 
dangerous feature in both types. The terms dry and wet gangrene do not properly 
describe the conditions found. I^Iore rigid criteria and more careful diilerentiation 
between the lesions secondary to occlusive arterial disease and those due to infection 
should be instituted. 

Authors. 

Harkins, H. N., and Schug, E.: The Surgical Management of Varicose Veins: 

Importance of Individualization in the Choice of Procedure. Surgery 11: 402, 

1942. 

In a series of varicose vein operations personally conducted on 98 extremities of 
63 patients during 1940, 217 incisions and 19 strippings were done. 

A stereotyped operation .should be avoided. The surgical procedure should bo 
individualized to fit the patient and to block .all important venous incompetcncics- 
as determined by complete diagnostic tests. 

High lig.ation and segmental excision of the saphenous vein and all its branches 
at tho fossa ovalis should bo performed in all cases submitted to surgery. 

Additional ligations and excisions lower down on tho thigh or log should be per- 
formed as indicated. 

Stripping gives a belter cosmetic result than excision and is preferable to the lat- 
ter except in c.a.ses of superficial, friable, or recently sclerosed veins and for veins 
high in the thigh. 

Injection as an adjunct to surgery is best postponed until tho second week after 
operation. 

Important points in the surgical technique include the use of local anesthetic, silk, 
transfixion of main vessels, clastoplast bandages, and ambulatory cure in all cases. 

The one ill cITect of consequence in tho.se cases was a slight increase in the edema 
of one leg in two cases and a marked edema in another case. 

Authors. 

Bosse, M. D., and Strang, J. M.: Chronic Occlusion of Portal Vein: Beport of 

Two Cases, One a Case of Occlusion Associated With Aneurysm of the Splenic 

Artery and Carcinoma of the Liver (Hepatoma). Arch. Path. 33: 372, 1942. 

Two cases of chronic occlusion of the portal vein by calcific thrombi are reported. 
One of the patients was a white man 58 years old. The occlusion was associated with 
aneurysm of the splenic artery and hepatoma of the liver. The portal thrombosis in 
this case was probably secondary to acute appendicitis. The thrombosis involved 
tributary and dilated collateral veins as well as the main portal stem. The other 
patient was a white man 38 years old. The occlusion may have resulted indirectly 
from mitral stenosis. Both patients had sclerosis of the portal system. 
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TJie aneurysm of tlic splenic artery was of fhe cirsoid type. The hepatoma wa'; 
associated with portal cirrhosis. Only one report of chronic portal occln.^ion 
associated with aneurysm of the splenic artery was found in the literature. As- 
sociation of primary carcinoma of the liver with cither chronic portal occlusion or 
aneurysm of the splenic artery was not found. 

AUTilOR-S. 


Altschule, M. D., Gilligan, D. E., and Zamcheck, N.: The Effects on the Cardio- 
vascular System of Eluids Administered Intravenously in Man, IV. The Lung 
Volume and Pulmonary Dynamics. J. Clin. Investigation 21; 365, 1942. 

Studies of the eiTect of the injection of fluids intravenously on the subdivisions 
of the lung volume and on the respiratory djmamics have been made in six normal 
subjects. 

Injection intravenoustj* of ISOO c.c. of isotonic sodium chloride solution, at rates 
of 39 to ISo c.c. per minute, in these normal subjects caused no change in residual 
air, and onlj’ slight decreases in the %’ital capacitj-, its components, the rc.‘-crve and 
complemental airs, and in the total lung volume. The respiratory minute volume 
showed no consistent change, although the tidal air was usually decreased. All the 
changes in pulmonary function found after intravenous infusions in tlicsc normal 
subjects were insignificant. 

The slight decreases in vital capacity, its components, and the total lung volume, 
after these massive intravenous infusions at rapid rates in these normal subjects, 
are interpreted as due to slight pulmonary vasodilatation associated, with tempo- 
rarily increased blood volume. 

The fact that changes in pulmonary dynamics and lung volume, following rapid 
intravenous injections of large volumes of fluid in normal subjects, were at most 
only slight, in no way alters the clinical concept that when it is ncces.sar}' to ad- 
mininster fluids intravenou.sly in patients with a tendency toward pulmonary conges- 
tion and edema, because of cardiac, pulmonary, central nervous system, or renal dis- 
ease, these infusions should be given at slower rates and with caution. 

Authors. 

Battro, A., and Labourt, F. E.: Contribution to the Study of Functional Pul- 
monary Capacity in Certain Cardiopathies (Method of Spirography) . Eev. 
argent, do cardiol. 8: 317, 1941. 

7’ho functional pulmonary cap.acity of 30 cardiac palienls was measured by de- 
termining the oxygen consumption and respiratory volume while breathing air or 
oxygen, during rest and during exercise. The criteria adopted for the clas.sification 
in 4 degrees of respiratory insufficiency arc described. 

Eighteen of the 30 patients had mitral stenosis; the other 12 had various heart 
diseases with manifest signs of left ventricular failure. 

In the re.st, 73.3 per cent of the patients showed no sign of functional pulmonary 
insuflicicncy. 

During exercise an arterial unsaturation of oxygen was manifested in 00.0 per 
cent of the patients. 

The causal factors in the rc.'ipiratory insuflicicncy of cardiac patients arc discussed. 

Authors. 

Coumand, A., Eanges, H. A., and Eilcy, E. L.: Comparison of Kcsults of the Nor- 
mal Ballistocardiogram and a Direct Pick Method in Measuring the Cardiac 
Output in Man. .T. Clin. Investigation 21: 287, 1042. 

The accuracy of the ballistocardiographic method of cardiac output determination 
was tc.stcd by comparing it with a method ba.sed on the Fick principle. 
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The technique of the direct Fick dctcrminationj involving catheterization of the 
right auricle, was discussed. 

Fourteen almost simultaneous pairs of cardiac output determinations were com- 
pared, in which the following criteria were satisfied : pulse rate varied less than 
4 beats; ballistocardiograms were normal in shape, regular, and easily readable; 
cardiac output calculated separately from oxygen consumption and from carbon 
dioxide elimination chocked closely. 

Cardiac output as determined by the direct Fick method was found to be larger 
by 18.5 per cent than the value calculated from the ballistocardiogram, using Bazett 's 
tables for internal cross-section of the aorta. 

Using figures for aortic cross-section obtained by diodrast visualization in o cases, 
cardiac output as calculated from the ballistocardiogram was found to check very 
closely with the values obtained by the direct Fick method, the average difference be- 
ing 3.5 per cent. 

On the basis of these findings, it is suggested that the accuracy of cardiac output 
determination with the ballistocardiograph maj' be improved by correcting the cal- 
culated value by an amount equal to the average error found experimentally, i.e., 
18.5 per cent, or bj' introducing in the formula a value for internal cross-section of 
the aorta on diodrast visualization. 

Authors. 

Kerwin, A. J,: Pulmonocardiac Failure as a Eesult of Spinal Deformity: Eeport 

of Five Cases. Arch. Int. l^led. 69: 560, 1942. 

The clinical and pathologic characters of 5 cases of pulmonocardiac failure in 
extreme spinal deformitj’ are described. 

The significant pathologic lesions are the result of pulmonary h 3 'pertension, which 
eventually leads to right-sided heart failure and appears to bo due to mechanical 
interference witli respirator}* function. 


Author. 



Book Reviews 


ELKcrnocARDiOGnAPHY: By Louis N. Katz, M.B, Director of Cardiovascular Re- 
scardi, Michael Reese Hospital, and ^Vssistant Professor of PhysioloKj-, ITni- 
versity of Chicago. Lea and Fcbiger, Pliiladelphia, 1941, oSO pages, 402 illustra- 
tions, $10.00. 

This book is not a compilation of the accumulated knowledge on the subject 
but is more especially an expression of the opinions of the author. It seems at 
times that the author’s observations and hypotheses are given undue prominence 
when one considers the wide scope of the literature with its divergent opinions. 
His opinions are frequently at variance with ividely accepted hypotheses and 
diagnostic classifications, and one docs not always feel that the reasons for thus 
diverging from the generallj' accepted views are compelling. Several features 
particularly attract the attention of the reviewer because they seem to represent 
a backward step in the study and interpretation of the electrocardiogram. In 
discussing the QES group the author writes practically a new nomenclature and 
lists seven different varieties of QR-S. He recommends dropping the term '^axis 
deviation” and introduces in its place two other terms. The diagnostic distinction 
made between the records wluch are said to indicate “axis shift” and those in- 
dicating “ventricular preponderance” docs not rest upon any experimental evidence 
and is, in fact, little more than a hypothesi-s. 

There are a surprising number of records with vciy- slight and seemingly in- 
significant variations from the normal which arc considered by the author a.s 
“definitely abnormal” or as “borderline”; such, for instance, arc Figs. 94 B, 94 C, 
72 A, and 209 B, There is doubt whether what is here called progressive chronic 
coronaiy* insufficiency should not be caUed progressive myocardial degeneration. 
The myocardium is nearer to the electrocardiogram than the coronary arteries are, 
and it is quite possible to name conditions other than coronary disc!u«e that might 
be responsible for the electrocardiographic changes in question. Tlicrc is con- 
siderable doubt whether such diseases as pericarditis, pulmonary embolism, uremia, 
cardiac trauma, severe acute anemia, and dissecting aneurysm should bo regarded 
as affecting the electrocardiogram by the mechanism of coronary insufficiency. 
There is no question that these conditions arc often associated with abnormalities 
of the waves, but here again it is the myocardium which influences the record, and 
it is probably tliis that is primarily affected by the disease. The author's hypothesis 
that the physiologic mechanism is one of coronarj' insufficiency docs not seem uel! 
founded. 

The statement that scar tissue in the heart docs not lead to electrocardiographic 
changes unless it has interrupted important pathways or has interfered with the 
nourishment of a part of the myocardium is certainly one which has not been 
substantiated by adequate pathologic studies and, as an unqualific<l statement, is 
very likely to be wrong. It is an interesting fhcorj' that broad, notched P nu'cs 
may be caused by intra-auricular block, but such a theory cannot be accepted with- 
out more definite pathologic evidence than has ever been dernon.-'t rated. Other 
equally satisfactory theories as to the abnormal form of these aberrant P w.i'cs 
ha%'c previously been advanced. 

The author refuses to accept the localization of bundle branch blord; which has 
Ixicn established as a result of recent animal and human experiments and the 
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stud}’ of precordial leads. In its place lie sugge.sts a classification based upon 
certain more or loss sinking features of the curves in question. This is regrettable, 
for it seems that the localization of the site of bundle branch block has been 
established in a manner satisfactory to the majority of cardiologists. Tiie funda- 
mental points of distinction between the curves of right and left bundle branch 
block seem well enough established at present to warrant universal adoption, mak- 
ing sucli analyses of the records as suggested by the autlior totally unnecessary. 

The sections on muscle physiolog}' and anatomy arc excellent in many respects, 
but it is regrettable that so often the individual opinion of the author is ex- 
pressed without mention of the fact that it differs from that which is generally 
accepted. There is an interesting series of electrocardiograms on normal infants 
.and young children, showing the progressive changes that may be found with 
increasing age. The numerous illustrations of the progressive effect of digitalis 
upon the T wave afford an excellent opportunity to study this feature. 

Tlic .section devoted to tlic description of the changes associated with myocardial 
infarction and the healing which follows is one of the best parts of tha book. 
The illustrations arc numerous and give a complete picture of the development of 
the S-T and T-wave changes. Forty-four tigurcs indicate the progressive changes 
in serial electrocardiograms talcen over varying periods of time both before and 
after cardiac infarction. One can heartily agree with the author in his statement 
that the commonest error in electrocardiographic interpretations is the belief that 
the electrocardiogram can sliow tlio extent of myoc.ardial damage. 

There is an excellent and complete section on the cardiac arrhythmias. The 
autlior, as is usual, introduces a number of new terms and new subdivisions of old 
categories. In the.sc instances the subdivisions .«ecm to have a clearly definable 
basis and may bo found helpful for more general use. It is doubtful whether the 
distinction between coarse and fine auricular fibrillation is of much importance, 
but, if it is important, a definite dividing line should have been suggested. 

The chief value of the book to the bogimrer lies in the largo number of illustra- 
tions and descriptive text. Tlic difficulty for the beginner lies in the necessity of 
learning a large number of new term.s, wliich he probably will not encounter in 
the vocabulary of other authors, and in the confusion resulting from the dis- 
carding or superseding of many commonly accepted definitions. The large number 
of illustrations arc also valuable to the more advanced student who may w’ish to 
find records of certain rare conditions. The illustrations of electrical alternans 
will be particularly interesting to such a reader. 

Hahoi.d E. B. Pardee. 

ExeRCISE.S IK EEECTROCARDIOCiUAl’IlIC Ikterrretation : By Louis jST. Katz, IiLD., 
Director of Cardiovascular Research, Michael Reese Hospital, and Assistant 
Professor of Pliysiolog}’, University of Chicago. Lea and Febigcr, Philadelphia, 
1941, 222 pages, 12S iUustratioiLS, $5.00. 

This volume affords an opportunity to review a large number of electrocardio- 
grams in connection with certain salient features of tlie clinical conditions which 
have been selected by the author. Accompanying each record there is first a 
description of the individual features of the record, secondly, an interpretation of 
these features in terms of heart muscle physiology and patholog}’, tliirdly, a brief 
picture of the patient’s symptomatology and diagnosis, and, finally, w’hat is called 
a correlation, which is a discussion of tho contributions of the electrocardiographic 
record to an understanding of the clinical picture. It w’ould bo necessary for one 
to have previously read the parent book, because tho author’s terminology, which 
differs from that commonly accepted, is used throughout. One would not know. 
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lor instance, the meaning of ^'left ventricular preponderance of the fir^t tvne” 
nor the meaning of -a QRS of the Q type.- Having mastered tl.e author’s 
termmologv-, however, tliere mil be much to learn from a ponisal of tliese records 
and the accompanying text for one who has not had much experience in interpret- 


ing electrocardiograms. 


IlAJtOLI) E. B. l^AKDKf.. 


CuxiCAL CAr.DionoGY, With Special RErEKExcE to Bed.side Diagxo.sis: Bv 
William Dressier. Paul B. Hoeber Inc., Xew York, G92 page.s. JOH 

illustrations. 

This is a well-arranged, readable, complete book and the illustrations are well 
chosen. It is a clear, concise, ex-cathedra exposition of clinical cardiology. 
Tliroughout, the author has accepted the newest viewpoints. This is espeeiallv 
noticeable in his discussion of the pathogenesis of hypertension, of the natural 
historv' of rheumatic infections, and of the etiology- of aortic stenosis. 

The book has a verj- certain, but by the .came token limited, appeal, in that it 
is written for senior students, young graduates, and general praclictioncrs, csj)eci!illy 
for use during a post-graduate course. It is too advanced for younger students 
and too elementary for advanced students. It fails to point out and discuss the 
various aspects of the many problems wliicb .still await solution, and, .above all, 
the author has chosen to omit all references to the literature. This is the worst 
aspect of the book, for every student should, as early ns possible, be encouraged to 
seek the source records for himself. By this omission also the field of cardio- 
logical history is completely ignored. The modern cardiologist might find that the 
author overemphasizes physical diagnosis to the 'detriment of the newer, iiwleni 
means of diagnosis; the electrocardiograph and the fluoroscojic are no longer 
special instruments, but aids in physical diagnosis .as indispensable a.*; the stetho- 
scope and the sphygmomanometer. 

One must decidedly disagree with the author when he say.s (p.VI) that evalua- 
tion of electrocardiographic data has done more iiarm than good; when that 
happens it is due to poor judgment, and the complaint might, with the same 
justification (or lack of it), be lodged against stctlioscopy or physical diagnosis; 
think of the interpretations given to ''murmurs.^' 

The reviewer also believes that the student for whom llii.s book is meant would 
like to know, at le.ast briefly, what kymography, phonocardiography, and oilier 
modem methods are and what they contribute, even though they are not of funda- 
mental importance. 

The ex-cathedra method of exposition has led to a number of statements wliirii 
represent the author’s opinion rather tiian what is generally accept ctl. Many (if 
Ills views on myocardial infarction difier from those of other authorities; he 
fails to recognize “degenerative heart disease’* as an etiological group companihle 
to infectious heart disease, and his use of the term “angina pectoris” is particularly 
distressing, in that he does not clearly distinguish between the pain of transitory 
ano.vcmia and that of myocardial infarction as suggested by the ‘'nomenclature’' 
(New York Heart Association), but he calls ail pain from myocardial ischcrrii.a, 
angina pectoris. 

A. number of statements which appear so new and unusual are made without 
quoting his authority. .Some seem to be suspended in tliin air; for instance. v,Iicri 
he sa-ys that about 50 per cent of the extrasystoles imeompany organic, Jirart 
dis.ca.=e (p. 235), it is necess.ary to state whether be obtained bis .statistics from a 
recruiting office, an office practice, or a hospital ward. 
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Of franlc omissions there are not many boj'ond what may bo expected by the 
limitation of the scope of tlic book. There are, however, some facts missing which 
should not be omitted even from an elementary textbook. The author does not 
mention xanthopia as a sign of ovcrdigitalization; 'Wenckebach’s periods, once 
mentioned, should be explained; the early combination of digitalis and diuretics 
in congestive failure. The figure giving the incidence of positive serologic reactions 
in syphilitic heart disease is not in the book. The importance of venous pressure 
measurements in the evaluation of cardiac function is not duly emphasized; the 
discussion of cardiac aneurysm can be found only by a thorough perusal of the 
text — it should be included in the index. There is no mention of the symptomatic 
effects of sjmipathcctomy in hypertension, which, though difficult to explain, are real 
enough to bo included in the effects of the operation. These arc, after all, minor 
defects in an excellent book. Outweighing these criticisms is the fact that students 
were more than usually attracted to the volume. 

On the whole, the book is a contribution to our didactic cardiological literature 
and should prove popular with the readers for whom it is meant. 


Julius Jensen. 
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HYPERTENSION AND CARDIAC RUPTURE 

I 

A Cli^'ical and Pathologic Study of Seventy-Two Case.s, in Thirtjcen 
OF Which Rupture of the Interventricular Septum Occurred 

Hugh A. Edmondson, M.D., and Harold J. Hoxie, M.D. 

Los Angeles, Calif. 

T he literature on cardiac rupture is replete with names great in 
medical history. The condition was first described by William 
Harvey,^ in 1647. By 1765, Morgagni* was able to collect autopsy 
records of ten jiatients who liad died from tliis cause, and added one 
that he had observed. lilorand,^ Bland, ^ Cruveilhicr,® Adams,® Hodgson," 
and Barth® also made contributions to this subject. 

Benson, Huntei*, and lilanlove,® in 1933, reviewed the subject and 
traced clearly the evolution of our knowledge of spontaneous rupture of 
the heart. These authors divided the accumulation of our present 
knowledge of this subject into three periods. In the first period, 
pre\’ious to 1861, the authors'’® failed to observe that coronary sclerosis 
and thrombosis, with consequent myocardial infarction, were the com- 
mon underlying causes of rupture. The areas of infarction through 
which rupture occurred were undoubtedly noted hut were regarded as 
areas of fatty degeneration. Malmsten'® recorded, in 1861, his observa- 
tions of a ruptured heart in which he described an area of softening 
and rupture caused hj’- an old thrombus in the anterior descending 
coronarj’- artery. After this, many others made similar observations. 
The second period ended in 1896 with a review by Rene Marie," who 
correctly stressed the relationship of coronaiy sclerosis and thrombosis 
to myocardial infarction and rupture. 

We are at the present time in the third period, during which some 
progress has been made in the study of the coronary arteries, their 
collateral circulation, and the usual sites of thrombosis (Blumgart, 
Sehlesinger, et al.'®’ "). Many cases of interventricular rupture have 
been r eported, together with criteria for the clinical diagnosis. Among 
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tile factors considei’ed in cardiac rupture, softening; of the myocardium 
after coronaiy thrombosis has received the greatest emphasis. Little 
discussion has been g'iven to the bursting power of the intraventricular 
pressure, although it seems to have been considered necessary. Krumb- 
haar and CrowelP® mention that a rise in blood pressure during sleep, 
as demonstrated by l\IacWilliam,^® may be the exciting cause of rupture. 
Beresfoi’d and EarP' add that a rise in blood pressure during defeca- 
tion maj’ precipitate rupture. The possible role of arterial hj^iertension 
after infarction is mentioned only by IMaUory, White, and Salcedo- 
Salgar,*® who make the following statement: “Another factor of im- 
portance in this connection is the intraventricular pressure. The higher 
this pressure, the more likelj’’ rupture is to occur.” In their studj'" of the 
speed of healing of myocardial infarction in seventy-two patients there 
were eight instances of rupture. In two of the eight, hj'^pertension was 
present after infarction had occurred. These authors also say that the 
enz 3 Tnatic action of poljmuclear leucocytes in the area of necrosis may 
tend to reduce its resistance. 

Since only a small percentage of infarcts undergo rupture, the fac- 
tors that contribute to the mechanism deserve special consideration. 
Among these may be age, sex, increase of subepicardial fat, opposing 
pull of muscle bundles, and hemorrhage into the area of infarction. 

The present study, which was started in 1934, was undertaken be- 
cause it seemed to us from our autopsy experience that rupture often 
followed the first attack of coronary thrombosis in persons who had 
hypertension and some degi-ee of cardiac hypertrophy, and whose hy- 
pertension persisted after infarction. In most of these hearts there ap- 
peared to be a sufficient amount of undamaged myocardium outside the 
area of infarction to maintain a relatively high intraventricidar pres- 
sure. We have attempted by a study of available material to find out 
whether or not a correlation exists between blood pressure and rupture. 
In addition, we have considered the possible relationship of scarring of 
the myocardium and heart weight to rupture. 

MATERIAL 

This study is based upon the records of all patients who were found 
to have rupture after myocardial infarction caused by coronary disease 
in a series of 25,000 consecutive autopsies which were performed at the 
Los Angeles County Hospital from July, 5, 1924, to August 15, 1941. 
A11 instances of recent, unhealed infarction, without rupture, among 
these autopsies, were used as a control group. 

A study was also made of the records of 100 patients who had con- 
vincing clinical and electrocardiographic evidence of acute myocardial 
infarction and recovered sufficiently to leave the hospital. These records 
were taken in consecutive order from the files of our department of 
electrocardiography. 
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STATISTICAL. SUB^U3Y 

Among the 25,000 autopsies, 865 (3.4 iier cent) hearts were found to 
have one or more unhealed infarcts. Among the 865 there were 72 (8.3 
per cent) that had ruptured (0.29 per cent of the total number of 
autopsies). The rupture of the myocardium was in an area of recent 
infarction in each instance. In the group of 72 ruptured hearts, only 
19 (26.3 per cent) contained sears, Avhereas there were scars in 58.4 per 
cent of the unruptured hearts with unhealed infarcts. 

The age incidence by decades of those who had infarction alone, as 
compared with tliose who had rupture, is shown in Fig. 1. The high 
incidence of rupture in the seventh and eighth decades closely parallels 
the incidence of infarction in these decades. The difference shown in 
the eighth decade is not statistically significant. There was no significant 
difference in age incidence between tho.se vuth and those without myo- 
cardial sears. 



AGE IN YEARS 

1. — Age distribution of cardiac rupture, compared witli tliat of fatal myocardial 

infarction. 

Of the 865 patients who had one or more unhealed mj'ocardial in- 
farcts, 601 (69.4 per cent) were males. Of the 72 whose hearts rup- 
tured, only 40 ,(55.5 per cent) were males. This difference is statistically 
suggestive. 

The seasonal variation of incidence of rupture of the heart did not 
differ significantly from that of mjmeardial infarction. The frequenej^ 
of obesity in the group with ruptures was practically the same as that 
among those who had infarcts that did not rupture. 
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lu the first half of the records studied, covering the period from July, 
1924, to November, 1935, there were 266 instances of myocardial in- 
farction with 23 (8.6 per cent) ruptures; hut in the second half, 599 
instances of infarction and 49 (8.2 per cent) ruptures were observed. 
Thus it appears that the increased incidence of myocardial rupture is 
caused by a proportional increase in the number of infarctions of the 
heart in recent years. 

PATHOLOGY 

Gj'oss. — A iDerieardial cavity distended with blood at necropsy has 
always aroused the interest of pathologists. Some consider it a rare 
occurrence. By far the most common cause of hemoperieardium is myo- 
cardial rupture. In the autopsies reported here, the amount of blood 
in the pericardial cavitj’' was usualty estimated by the autops}’ surgeon. 
These estimates varied from 150 to 700 c.e., but the majority were 
recorded as being from 200 to 250 c.e. Because of the inelastic nature 
of the iDarietal pericai'dium, this volume is probably sufficient to cause 
tamponade. This differs from chronic disorders, such as tuberculous 
pericarditis, in which the parietal pericardium has had time to become 
greatly distended, and, in consequence, a liter or more of fluid maj’- 
collect in the cavity. 

Table I 


SITE OF COROXARV THROMBOSIS 


SITE OP RUPTURE 

XO. 

L.D. 

L.C. 

NOXE 

SEEX 

R.C. 

MULTIPLE 

Left ventricle, anterior 

37 

33 


3 


L.D. & R.C. 

Left ventricle, posterior 

10 

1 

3 

1 

5 


Left ventricle, lateral 

5 

1 

4 




Eight ventricle, anterior 

3 

2 




L.D. & L.C. 

Eight ventricle, posterior 

1 





L.D. & L.C. 

Not recorded 

3 

1 


2 



Interventricular septum 

13 

5 

■■ 

2 

5 

L.D. & L.C. 

Totals 

72 

42 

1 s 1 

s 

10 

4 


L. D., Left Descending. 
L. C., Left Circumflex. 
R. C., Right Coronary. 


The sites of rupture, with the corresponding location of thrombosis 
in the coronarj’" arteries, are seen in Table I. It is of interest that the 
left anterior descending branch is the artery most often involved (58.3 
per cent), and that, after its occlusion, ruptures occurred in all por- 
tions of the ventricles and septum except the posterior portion of the 
right ventricle. In one instance (Autopsj’’ No. 22821), the area of in- 
farction and rupture was in the posterior wall of the left ventricle, 
whereas the thrombosis occurred in the anterior descending branch of 
the left coronary. In the group in which interventricular septal rup- 
ture occurred, the anterior descending and the right coronary were in- 
volved an equal number of times. 

Our interest in the relationship of blood pressure to rupture prompted 
us to study the size of the infarcts. It is logical to assume that the 
blood pressure after infai’ction depends to some extent on the proportion 
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of tlie 'uiiiiiYolYcd muselc to the ischemie portion. The size of the in- 
farcts was recorded in 35 ruptured hearts. The dimensions of these 
varied from 2x1 cm. to 11 x 9 cm. In 25 of the 35 specimens the 
gi-eatest dimension of tlie area of infarction was 5 cm. or less. In three 
in wliieh the infarct was 50 sq. cm. or larger, tlie highest blood pressure 
recorded after occlusion w’as 130/90. These iigures may be compared 
with those in a similar group without ruiiture. Tlie size of the iufarets 
in 35 unseleeted instances in which measurements were available varied 
from 2x1 cm. to 10 x S cm. Nineteen were 5 cm. or less in their great- 
est dimension, and, corre-spondingl}-, there were more of the larger in- 
farcts. In six the infarct was 50 sq. cm. or larger, and the blood 
pressure in this group of patients A'aried from unobtainable to 138/94. 
In five of these six the blood pressure was normal or subnormal, in 
.spite of the fact that all five hearts were enlarged. 

The following ease illustrates how' early even a small infarct may 
rupture when the intraventi-icular pressure is high. 



Pig'. 2. — ^Rupture of lateral ■«'all of loft ventricle through a small recent infarct. (Aut. 

No. 232GC.) 

Autopsy No. 232GG, J. I., a white man, aged 7G yeur.s, entered the hospital Doe. 
2, 1939, because of severe frontal headaches and failure of a recent enucleation 
"’ound of the eye to heal. Pyuria and hyperten.sion (190/110) were first discovered 
m 1938. On entry the temperature was 99° F., the pulse rate, 84, and the respir- 
atory rate, IS. The blood pressure was 210/100. The urine contained albumin 
(+++)• The blood creatinine was 10.4 mg. per hundred cubic centimeters. The 
patient became irr.ational, complained once of shortness of breath, and died sud- 
denly twenty-four hours after admission. 

The necropsy was performed fourteen hours after death. The essential changes 
were in the heart and kidneys. The pericardial cavity contained 110 c.c. of blood, 
the heart weighed 370 grams, and a linear tear w’as present on the lateral surface 
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of the left Tentricle (Fig. 2). The rupture had occurred through a small infarct, 
4 X 2 cm. The coronaries were sclerotic, and a recent thrombus completely occluded 
the left anterior descending branch. The kidneys were severely scarred; the rit^ht 
weighed 30, and the left, GO grams. On histologic examination, the renal changes 
were those of chronic pyelonephritis and extreme atrophy. Microscopic study of 
the myocardium disclosed only a few areas of early necrosis of muscle fibers (Fie. 
3). A few interstitial hemorrhages were present along the course of the rupture. 
In some areas the tear had apparently occurred through muscle in which there was 
not yet liistologic evidence of necrosis. 

We believe that such a rupture, occurring in a small infarct so soon after occlu- 
sion of the artery, is best explained by the high blood pressure. 

Tlie course of the tear hi the myocardium tvas usually somewhat 
tortuous, hut the records iu this regard were incomplete. The length of 
the tear in the epicardium varied from 0.3 cm. to 3.3 cm. ; the average 
was 1.6 cm. The endocardial tears were smaller and were difficult to 
measure. j\Iauy authors mention their frequency near the base of the 
anterior papillary muscle. This was mentioned only rarely in our 
records. 



Fig-. 3. — ^Patchy necrosis of myocardium adjacent to rupture seen in Fig. 2 (XlOo). 


Sixty-six of the ruptured hearts were weighed. The average weight 
was 45S.3 grams. Fifty-two (78 per cent) weighed 400 grams or more. 
We have considered that a cardiac weight of 400 grams or more indi- 
cates hypertrophy. The average weight in the control group of 733 in- 
farcted hearts, without rupture, was 488 grams and 594 of these .(SI 
per cent) weighed 400 grams or more. 

Scars were seen in 19 heai'ts, as mentioned above. In 12 the scarring 
was diffuse in nature,- in 7 the scars were eircnmseribed and were inter- 
preted as indicating old infarcts. In two of these a recent infarct and 
rupture had occurred in the center of an old infarct. Six of the seven 
hearts with old infarcts weighed 425 grams or more, and hx'pertension 
was present in five of the patients after occlusion. 
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The tliiclmess of tlie left venti’iele was recorded In 37 cases. The range 
was from 10 to 25 mm., and the average was 15.4 mm. Twenty-seven 
were 14 mm. (the borderline for hypertropliy) or more in thichness. 

Increase of subepicardial fat has often been mentioned as a predis- 
posing cause of mixture. In these records the amount of fat was rarely 
mentioned, but in the experience of the authors, which includes 16 of 
the hearts in this series, an increase of subepicardial fat appears to be 
associated fairlj' frequentl}’ with cardiac ru]iture. 

No conclusions could be drawn from the descriptions of the size of 
mural thrombi, because in more than half of the hearts thrombi bad not 
yet formed, or at least they were not mentioned in the protocols. 

Microscopic Ohservaiions . — Sections of the myocardium were avail- 
able for histologic study in 41 of the cases of rupture. The}* were 
studied from the standpoint of establishing criteria wliich would dif- 
ferentiate infarction with rupture from other myocardial infarctions. 
Onl}”- two observations of suggestive value were made. In 22 of the 41 
hearts there was a complete, smudgy type of necrosis which involved all 
the tissue over a wide ai*ea. The other obsen-ation sub.stantiates one 
made long ago by many students of the problem. This was widespread, 
hea-\y infiltration of the area of infarction with polymorphonuclear 
leucocytes, and it was found in 18 cases. Tliis may I’csemble an abscess 
(Bresnihan’®). It is well known that necrotic polymorphonuclear leu- 
cocji;es liberate a proteolytic enzjnne. Tliis may conceivably add to 
the softness of an area of infarction. 

In comparing these changes with those in the hearts which were in- 
farcted but unruptured, the same tj’pe of necrosis and heavy infiltration 
mth polj'morphonuclears was seen, but in a smaller proportion of speci- 
mens. Undoubtedly the appearance of an infarct will depend on the 
time that has elapsed since the onset, and, as rupture is likely to occur 
Avhen the infarct is softe.st (three to twelve daj^s), the observed changes 
may be what one should expect to find. Ilowevei’, on gross examination 
there appears to be a great variation in tbe degree of softening of 
infarcts of the myocardium which is not cntirel}’' dependent on the time 
element. In the literature concerning rupture, many authors have men- 
tioned the ease with which the infarcted muscle maj’’ be torn with the 
finger tip. On the contrary, rupture can occur in spotty infarcts and 
in those in which little softening has occurred (Autop.sy No. 23266). 
Careful gross and histologic study of all infarcts, combined with ante- 
mortem blood leucocjde counts, would be helpful in ascertaining the 
relation of leucocytic infiltration to softening. 

Infarction of the endocardium and thrombosis of the Thebesian ves- 
sels as further factors in weakening the heart wall were also searched 
for, but no conclusive evidence Avas obtained. Rarely did the area of 
infarction include the endocardium. In the instances in Avhich there 
was thrombosis of the Thebesian Am.ssels, it was a part of a mural 
thrombus. The number of instances in Avhich the endocardium was not 
involved by the necrosis in myocardial infarction was surprising. 
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A variety of renal changes was observed. Sections of kidney , were 
available in 53 of the group with cardiac rupture. Seven of 47 persons 
who had cardiac hypertrophy and/or hypertension had kidneys of nor- 
mal appearance. All the rest had evidence of hypertensive disease. 
Most common was dilfuse arteriolar nephrosclerosis (35 cases). Chronic 
pyelonephritic, contracted kidneys Avere present in three. There Avas one 
instance of diabetes and intereapillary glomerulosclerosis (Kimmelsteil- 
Wilson 's disease) and one of chronic glomerulonephritis. 

CLINICAL DATA 

Statistics regarding the available blood pressure measurements in 
three groups of patients are recorded in Table II. The first is a group 
of 100 patients who surAdA'’ed and recovered sufficiently to leaA'^e the hos- 
jiital after myocardial infarction had been diagnosed from the clinical 
and electrocardiographic manifestations. The second group consists of 
those who had unhealed and uuruptured infarcts in their hearts. The 
blood pressures were taken after infarction. The third is the group Avith 
ruptured myocardial infarcts. The blood pressures used were those 
taken between the time of infarction and rupture. 

For uniformity, the foUnwing method of tabulating blood pressures 
was used. When more than one measurement was recorded on the chart, 
the average was used. The mean blood pressure was used in those in- 
stances in which the systolic pressure was above the indicated amount of 
140 or 160 and the diastolic was beloAv 90 or 100, and in instances of a 
higher diastolic and a lower systolic. With the exception of those whose 
diastolic pressures were belOAV 70 mm. Hg, those with a mean blood pres- 
sure of 115 were considered to have a blood pressure of 140/90, and 
those with a mean pressure of 130 were included as having a blood pres- 
sure of 160/100. 

Table II 


1 

TOTAL 

B.P. 140/90 

OR above 

1 

B.P. 160/100 

OR ABOATE 

aver- 
age ' 
SYS- 1 
TOLXC ' 
JIM. 

HG. 

AVER- 

AGE 

DIAS- 

TOLIC 

JIM. 

HG. 

NO. 

% 

NO. 

% 

Group I — ^Nonfatal inyo- 

100 

23 

23 

9 

9 

125 

78 

cardial infarction 








Group II — Fatal infarc- 

657 

210 

32 

118 

IS 

128 

81 

tion, unruptured 


i 



i 


' no 

Group HI — Fatal infarc- 

62 

i 39 

63 

20 

32 

148 

93 

1 

tion, ruptured 


1 

1 






The greater incidence of hypertension in the group of patients with 
ruptured hearts is significant, particularly when 140/90 mm. Hg is 
taken as the hypertensiAm level. The average blood pressure in this 
group also is significantly higher. 

The data on Glroups II and III are arranged in Table III to show the 
frequency of rupture of the heart when the blood pressure is low and 
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wJieii it is liigli. It apjjears from tliis tabulation tliat, in the presence of 
myocardial infarction, blood pressures above 140/90 are as likely to be 
associated with rupture of the lieart as pressures above 160/100. 


Tamle III 



1 MYOCAKDIAE INFAItCTION 

1 


1 IlUmURED 


TOTAL 

NUMBER 1 

% or TOTAI. 

Blood pressure below 140/90 


2.1 

4.9 

Blood pressure 140/90 or above 


:?9 


Blood pressure below 100/100 


40 


Blood pressure 100/100 or above 


20 

mooiiiiii 


I'able IV is designed to ascertain whether tliere is any correlation be- 
tween cardiac size and tendency of the infarct ed heart to ruiJture. The 
notable facts shown arc that the proportion of rupture is highest (25 
per cent) in the grouji with small hearts and hypertension, and lowest 
(4 per cent) in tlie group witli large liearts and low blood pres.sure. 

T.\hi.e IV 



NO RflTURi; ] 
(014 CASES) j 

RUl’TURE 
(.58 CASES) 

TOTAL 

% 

Rur- 







TUREI) 

Heart weight — 

400 Gill, or more 

B.B. 140/90 or abovo 

187 

29 

31 

53 

218 

14 

B.P. under 140/90 

.‘hll 

55 

14 

24 

3(i8 

4 

Heart weight — 
under 400 Gm. 

B.P. 140/90 or above 

21 

•> 

«> 

■ 

12 

28 

25 

B.P. under 140/90 

S2 

13 

1^1 

10 

88 

7 


In the records of 66 of the patients with ruptured hearts, sufficient 
data were present to establish the date of an attack that could be rea- 
sonably assumed to be the result of coi’onary occlusion and infarction of 
the heart. The interval fi’om infarction to ruptui’e was calculated from 
this date. The majority of the ruptures (52, or 78.8 per cent) occurred 
from the third to the twelfth daj’’ after infarction, and 98.5 per cent on 
or before the sixteenth day. Six instances of rupture were thought to 
have occurred one day after infarction, and one on the twenty-ninth 
day. The average calculated time from infarction to rupture was 7.4 
days. 

The reeoi'ds of 16 patient.s indicated that there was a return or 
mai'ked increase of pain at the time of the rupture. Only 6 patients 
were recorded as having exerted themselves at the time of, or shortly 
preceding, the rupture, and in each instance the exertion was mild. 
Five patients died dui’iug sleep. 

Data regarding duration of life after rupture "were present in 56 rec- 
ords. In this respect the patients are clearl}’' separated into two groups. 
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namely, those whose heart wall ruptured into the pericardium, and 
those whose rupture was of the interventricular septum. Of the former 
group of 45 patients, it is recorded that 24 died suddenly, 18 died within 
a few minutes, 2 lived for fifteen minutes, and 1 lived for three hours. 
Numerous small perforations, rather than a single tear, were noted in 
the wall of the heart of the last-mentioned patient. 

Interventricular Septal Rupture . — ^It was possible in 11 of the 13 pa- 
tients who had interventricular septal rupture to ascertain the length 
of life after the rupture. Ten of these patients lived from nine hours to 
seven da 3 ’S, with an average survival period of 2.25 days. One patient 
lived for several months after the rupture (Fig. 4). In 6 eases, blood 
pressures were taken between the time of infarction and rupture, and 
after rupture of the interventricular septum. The respective averages 
were 160/100 and 85/60, an average decrease in pressure of 75 mm. Hg 
sj^stolie and 40 mm. Hg diastolic. A preeordial systolic murmur was 
observed in 11 of the 13 patients who had rupture of the interventricu- 
lar septum. In 3 of these patients, all within the last two years, a cor- 
rect ante-mortem diagnosis was made. 



Fig-. 4 . — Old healed interventricular septal rupture. (Aut. No. 11590.) 

COMMENT 

Comparison of the incidence of rupture of the heart in various series 
of autopsies must, of course, take cognizance of the type of patients 
comprising each series. Prom an institution which cares predominantly 
for elderly patients with mental disturbances, Beresford and Earl 
reported an incidence of 31 ruptures among 2,374 autopsies. This is an 
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even liiglier incidence than that reported bj’’ Benson, Hunter, and Man- 
love,® who found 27 ruptures among 2,112 coroner’s autopsies. Krumb- 
haar and Crowell,^® in 1925, reported onl}’' 7 ruptured liearts among 
16,000 autopsies at tlie Philadelphia General Hospital. They also quoted 
Romeik’s Munich series of 13,000 autopsies, in which 7 ruptured lieaifs 
Avere found, and a series from Leipzig in Avhich 9 ruptures Avere present 
in 8,000 autopsies. The aA'crage incidence in these tliree series Avas 0.06 
per cent. This is much less tlian the 0.2S per cent of 4,657 autopsies on 
genei’al haspital and private patients i-eported by Benson, Hunter, and 
Manlove,® in 1933. The above reports are not limited to rupture of the 
heart aamII through m^'oeardial infarcts, and they do not give the total 
number of myocardial infarcts in the autopsy series. The relatively 
great frequency of cardiac rupture in our series (0.29 per cent) bears a 
certain more or less constant relationship to the incidence of myocardial 
infarction among palicnis aa’Iio die in the Los Angeles County Hospital. 

Before making this study avo Avere impressed b.y the increased number 
of ruptures of tlie heart in recent years. This study reveals, hoAA^ever, 
that it is not the frequency of rupture in infarcted hearts that has in- 
creased, but ratlier tlie incidence of myocardial infarction. The great 
increase in frequency of fatal myocardial infarction in the second half 
of our group is most impressive. In the first 12,500 autopsies there AA^ero 
266 instances of myocardial infarction. In the second 12,500 autopsies 
mj'oeai’dial infarction Avas present in 599. The explanation is not ap- 
parent. 

The significantly loAA'or incidence of gross scarring among the rup- 
tured, as compared Avith the unruptured, hearts in this group has an 
important bearing on the factors in rupture of a heart aaMI. Only 1 in 
25 of the infarcted hearts AA'hich contained scars I’uptured, AAiiereas 1 
in 6 of the unscarred hearts ruptured. It thus appears that an infarct 
is about four times as lilcely to ruiAture in a heart in AA'hich the coronary 
circulation has preA'iously been adequate. One reason may be that in 
unsearred hearts the blood pressure after infarction is maintained at a 
higher leiM because there is a greater mass of undamaged myocardium. 
The average blood pressures in these groups, hoAA'ever, do not support 
this assumption. We belicA’e the most important reason that scarred 
hearts ai’e less likely to ruptui’e is the fact that collateral circulation is 
greatly increased in these hearts, so that subsequent ai’cas of infarction 
may be less likelj’- to be soft and friable. Another reason may be that, 
iu an area of infarction A\diich contains fibrous tissue as a result of 
previous coronaiy insufficiency, the fibrous elements may be resistant to 
ischemia, thus adding support to the necrotic muscle. 

Although it mu.st be admitted that blood pressures taken some time 
before rupture of the heart may not indicate the exact pressure at the 
tune of nipture, we believe that in a fairly large group of patients these 
blood pressure records are of real significance. The incidence of eleAmted 
blood pressure in the group Avith ruptured infarcts of the heart Avas 
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about twice as great as among those who died with unruptured infarcts, 
and about three times as great as in the group that survived myocardial 
infarction. 

From the data in Table III it appears that the victims of myocardial 
infarction who die are two or three times as likely to die of a ruptured 
heart if the blood pressure is high. Only 23 (4.9 per cent) of the 470 
patients vdth blood pressure below 140/90 suffered rupture of the lieart, 
whereas 39 ,(15.7 per cent) of the 249 patients Avith blood pressures 
above this figure suffered rupture of the heart. Practically the same 
proportions obtain when 160/100 is taken as the lower level of high 
blood pressiu'e. 

It must be remembered that arterial blood pressure is indicative of 
the function of the left A^entricle; therefore, our data regarding blood 
pressure are hardty applicable to the study of rupture of the right 
A^entricle. The present series of 72 ruptures contains only 4 instances of 
rupture through the right A’^eutriele. 

Tabulation of the blood pressures of those Avhose hearts weighed less 
than 400 grams and those Avhose hearts Aveighed more than 400 grams 
(Table IV) reveals that large hearts, AAuth Ioav blood pressure, are least 
likely to rupture, and that small hearts in patients Avho have hyperten- 
sion are most likely to rupture. 

A combined study of the gross and microscopic observations on rup- 
tured hearts after coronaiy thrombosis, plus the evidence obtained from 
blood pressure readings after infarction, leads us to feel that the chief 
factors Avhich determine rupture are softening of the infarct and height 
of intraventricular pressure. Either factor ma}’- be predominant. A 
soft, friable infarct may rupture with normal intraventricular pressure. 
On the other hand, a small, spotty infarct may rupture when the intra- 
ventricular pressure is high. The high incidence of rupture after in- 
farction in mentally defective patients reported by Beresford and EarB' 
may be ascribed to the fact that such patients are less cogaiizant of pain 
and therefore exert themseh’^es unduly. It seems reasonable to assume 
that the height of intraAmntrieulai* pressure Avould Amry iuA'^ersely as the 
size of the infarct. Our data sugg'est such a correlation, for feiv hearts 
Avith infarcts larger than fifty square centimeters were capable of sup- 
porting an eleAmted blood pressure. The factors AA'^hich determine the 
degree of softening of an infarct of the myocardium are complicated, 
and one’s reasoning is beset by unknown factors. The degree of anoxia 
of the area is a factor of prime importance. This is deteimiiued by the 
extent of the collateral circulation, AA^hieh may A'^aiy greatly. Increased 
subepicardial fat and fatty infiltration of the muscle tend to increase 
softness in an area of necrosis. The opposing pull of muscle bundles 
may increase a tendency to tear. HeaAy infiltration of polymoi’phonu- 
clear leucocytes and subsequent disintegration, necrosis, and liberation 
of liquefying enzymes may AAmll increase the softness of an infareted 
area. The reason for the Amriation in degree of infiltration Avith neu- 
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trophils is an nnsolvecl problem. Rosenbaum and Levine-” find Unit the 
prognosis is imorer in patients who have liigli leueoejie counts, but do 
not mention the level in those whose hearts ruptni’ed. 

Tntcrvcniricular Septal Rupture . — The interventricular septum was 
ruptured in 13 of the 72 hearts. This seems to be a surprisingly large 
number, in view of the fact that the condition has previously been re- 
ported in only 23 patients.-* Benson, Hunter, and Manlove” reported 
40 ruptured hearts, but only one was ruptured through the septum. 
Beresford and Earl*' reported 46 ruptured hearts, but none was rup- 
tured through the septum. An ante-mortem diagnosis of intei'ventricu- 
lar septal ruiiture Avas reiiorted in 4 of the 23 patients mentioned above. 
In our group it was made in 3 of the 13 patients. These three correct 
diagnascs Averc made during the la.st. tAvo years. Tlie diagnostic sig- 
nificance of a loud prceordial sy.stolie murmur Avhich appears .suddenly 
in a person Avho has recently .suffered a coronary occlusion is noAv Avell 
recognized by the attending and resident staffs of this hospital. The 
clinical cour.se of the ]iationts Avith rupture of the intei’A'cntricular 
septum differed from that of those Avith other impturos in that the pa- 
tients lived longer (nine hours to seven days) after the rupture, and 
death A\’as, therefore, Ic.ss .sudden and unexpected. 

The clinical importance of this study seems obA'ious. Extra precau- 
tionaiy mea.sures .should be taken to keep the patient as quiet as possible 
betAveen the third and sixteenth days after the first attack of coronary 
thrombosis. This is especially important Avhen the blood prcs.sure I’e- 
inains above 140/90 mm. Hg. 


SUMMARY 

1. In a series of 2.7,000 autopsies at the Los Angeles County Hospital 
betAveen July, 1924, and August, 1941, there Avere 865 hearts Avhich 
contained unhealed infarcts caused by coronary disease. 

2. Among these Avere 72 instances of spontaneous rupture through an 
area of A-entricular infarction ; 50 (70 per cent) Avere on the anterior 
.surface of the heart. In 13 instances the rupture Avas through the inter- 
ventricular septum. 

3. Scarring Avas ])re.sent in 58.4 per cent of the unruptured hearts and 
in only 26.3 per cent of the ruptured hearts. 

4. In the ruptured hearts the infarcts tended to be smaller, more com- 
pletely necrotic, and more heavily infiltrated Avith polymorphonuclear 
leucocytes. 

5. Of 100 jiatients Avho had nonfatal myocardial infarction, 23 (23 
per cent) had a blood pressure of 140/90 or above. The average blood 
pressure Avas 125/78. 

6. Of 657 patients Avho had myocardial infarction that terminated 
fatally Avithout rupture, 210 (32 per cent) had a blood pressure of 
140/90 or above. The average aa’us 128/81. 
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7. In 62 patients who died as a result of cardiac rupture, the blood 
pressure was 140/90 or above in B9 .(63 per cent). The average was 
148/93. 

8. The average calculated time between infarction and rupture was 
7.4 da 3 ^s. Ninety-eight per cent occurred on or before the sixteenth day 
after infarction. Seventy-eight per cent occurred between the third and 
twelfth days. 

9. Among 368 patients with heart weights of 400 grams or more and 
a blood pressure of less than 140/90 after infarction, only 4 per cent 
had cardiac rupture. 

10. Rupture of the heart occurred in 25 per cent of the 28 patients 
whose hearts weighed less than 400 grams and whose blood pressures 
were 140/90 or above after m 3 ’-oeardial infarction. 

11. In the first 12,500 autopsies in this series, done between 1924 and 
1935, 266 instances of nijmeardial infarction and 23 (8.6 per cent) rup- 
tures were observed. In the second half, done between 1935 and 1941, 
mjmcardial infarcts were present in 599 cases and ruptures in 49 (8.2 
per cent). 

CONCLUSIONS 


The following conclusions regarding spontaneous rupture of the heart 
through an area of m 3 mcar dial 'infarction appear justifiable from our 
data: 

1. The degree of softening of the myocardium and the height of the 
intraventricular pressure are the determining factors in relation to 
cardiac rupture. 

2. Patients who have h 3 ’’pertension which persists after infarction are 
three times more likely to develop cardiac rupture than those who have 
normal or subnormal blood pressures. 

3. Hearts of normal weight in patients whose hypertension persists 
after infarction are most likel 3 '' to rupture. 

4. Hypertrophied hearts in patients who have a normal or low blood 
pressure after infarction are least likely to rupture. 

5. If scarring is present in the m 3 ’'Ocardium, the likelihood of rupture 
is only one-fourth as great as in unscarred hearts. 

6. Interventricular septal ruptures are caused by the same factors 
that lead to other ventricular ruptures. These patients live longer after 
rupture, and the diagnosis can be made clinieall 3 ’' without great dif- 

ficnlty. u m L 

7. Extra precautionary clinical care, to prevent rupture, shoul e 

given patients whose blood pressure remains elevated after coronary 
thrombosis. 
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THE EFFECTS OF REPEATED ADMINISTRATION OF 
LANATOSIDE 0 ON THE MYOCARDIUM OF THE DOG 

Harold Rosenblum, M.D., Gerson Biskind, MD., and H. E. Kruger 

San Francisco, Calif. 

INTRODUCTION 

T he ability of digitalis substances to produce changes in the myocar- 
dium of the experimental animal has been studied by several in- 
vestigators.^ After the administration of sublethal or lethal doses of 
preparations of digitalis purpurea, digitoxin, and strophanthin to vari- 
ous species, but chiefly to eats and dogs, microscopic examination of the 
heart muscle has disclosed areas of focal necrosis, cellular infiltration, 
interstitial edema and fibrosis, and hemline degeneration. These changes 
have been found most commonly in subendocardial areas, especially in 
the ventricular musculature. 

The effect on the dog’s myocardium of lanatoside C, a crystalline de- 
rivative of digitalis lanata, has been studied by Fahr and LaDue,® and 
by LaDue.® The firsU of these reports dealt .with several dogs, but ap- 
parently in only one of them was intravenous administration employed. 
Examination of the myocardium yielded negative results. LaDue 
studied the effects of toxic and lethal intravenous doses of lanatoside 
C in a series of nine dogs. In each animal, marked constitutional ef- 
fects were produced, including anorexia, emesis, and weight loss. With 
the exception of two dogs, no experiment was carried beyond eight days. 
In each case, myocardial damage was found by microscopic examination, 
and “electrocardiographic changes” were “present.”® In a more re- 
cent report, LaDue confirmed these conclusions and reported that the 
simultaneous subcutaneous administration of atropine to dogs which 
were receiving daily intravenous injections of lanatoside C resulted in 
a markedly increased survival time for the animals.^® 

PROBLEM AND METHOD 

Recent appraisals of the clinical usefulness of lanatoside C, especially its rela- 
tively low toxicitys and the rapid dissipation of its lethal effect on animals,^ 
prompted us to study the effects of long-continued administration of tliis substance 
on the dog’s heart, excluding as far as possible the factors of vomiting, malnutri- 
tion, and depletion. The dog has been shown to be a reliable animal for the assay 
of digitalis substances, and exliibits a smaller standard deviation to toxic and 
lethal dosage than does the cat.^ 

Kaplan and Visschers ascertained that the AI. L. D. of lanatoside C by intravenous 
injection is 0.36 mg. per kg. when no anesthetic is used. They found that the 
majority of dogs vomited when between 20 per cent and 30 per cent of the M. L. D. 
was injected, and that, in all cases, vomiting occurred when 30 per cent to 36 per 
cent of the AI. L. D. was given. 

From the Harold Brunn Institute for Cardio-Vascular Research, and the Depart- 
ment of Pathology, Mount Zion Hospital, San Francisco. 

This study was supported hy a grant from the Sandoz Chemical Works, Inc., 
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Thirty per cent of the M. L. D., accordingly, 'was selected for both lanatoside C. 
and digitoxin as the dose for study in these experiments, with the hope that it 
■u’ould be possible to maintain at least some of the animals over a substantial 
period of time while toxic doses were being given. 

Normal adult male dogs were used. The animals were weighed and were injected 
intravenously three times a week. The dosage, of course, was determined by the 
current weight. Vomiting and salivation were constant reactions to each injection, 
and followed the injection within a few minutes. Injections were given in the 
mornings and feedings in tlie late afternoon, by which time ajipetite had often 
been regained. Muscular weakness, diarrhea, tachycardia, and ectopic beats were 
observed in some of the animals. Other animals appeared to remain unaffected, 
except for the salivation and vomiting immediately after the injection. Several 
experiments were terminated by the spontaneous death of the animals, and others 
by sacrificing the animals (by bleeding) after varying periods of administration. 
The diet consisted of a '‘complete” proprietary food mixture. 

Electrocardiographic changes as a result of giving lanatoside C have been found 
in dogs by LaDue.s Others^, r have described digitalis-like effects of this drug on 
the electrocardiogram in the human being. Electrocardiograms were made on some 
of our animals before and during the administration of the drugs, but changes 
caused by positional influences dominated the records to such an extent that thej' 
were not considered suitable for the interpretation of digitalis effects. 

Lanatoside C, in common with other digitalis preparations, has characteristics 
of potency which must be expressed differently for different methods of assay,8 
and in our experiments, therefore, dosage is expressed only in terms of weight. 

Methodical sectioning of the myocardium, according to the method of Hu, et 
al.,i-d was employed. 

LANATOSIDE C 

Eight dogs were given 0.3 M.L.D. of lanatoside C; that is, 0.108 mg. 
per kg., bj" intravenous injection, for periods ranging from twenty-one 
to ninety-four days. 

Of the eight dogs, two (4, 47) showed appreciable changes in one 
section only. Three dogs (95, 99, 25) showed slight abnormalities in 
one or two sections, and two were negative throughout (96, 98), as 
shown in Table I. Four of the eight animals were sacrificed at intervals 
varying from thirty-eight to ninety-four days. The remaining four, 
which were found dead, had received lanatoside C for twenty-one to 
eighty-four days. No animal was included in which post-mortem changes 
made microscopic examination difficult. 

Fig. 1 shows a typical area of necrotic muscle (Section 4-2), rather 
sharply outlined with fine proliferation of fibroblasts and small capil- 
laries (early granulation tissue). There are remnants of muscle fibers, 
and the cellular arrangement is mainly mononuclear. This section was 
talien from the posterior portion of the left ventricular wall of a dog 
which had received twelve injections of lanatoside C over a period of 
four weeks. 

Fig. 2 shows a section of normal myocardium which was typical of 
the lack of abnormality in all sections from a dog (38) which had 
received forty injections over a period of ninety-four days. 

Table I shows the weight changes. Extreme loss of weight occurred 
in only one dog; it suffered from distemper as a terminal illness (96), 
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R.A, = Right auricular wall, including appendage. 
UA. = Left auricular wall, including appendage. 
*■* Animals were sacrificed by bleeding. 
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and sliowed no myocardial abnormality. In the remaining animals, the 
change of weight varied from a moderate loss to a slight, gain. 


S 41-1993 «200 


50-41. 


Pii?. 1. — Doff No. '1. Section 2. From posterior portion of the left ventricle, showing 
focal necrosis, mononuclear infiltration, and early granulation tl.ssue: from a clog 
which had received twelve injections (0.3 M. H. D. each) of lanatoside C in a period 
of four weeks. 
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^ No. 38, Section 2. From posterior portion of the left ventricle, 
^lowir^ normal myocardium: from a dog which had received forty injections (0.3 
each) of lanatoside C in a period of ninety-four days. 
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DIGITOXIN 

The M. L. D. of digitoxin for dogs has been ascertained® and the effect 
of its injection on the heart muscle has been fairly well standardized^ 
We attempted to compare its effect Avith that of lanatoside C by using 
comparable doses of digitoxin, i.e., 0.3 M. L. D. in a parallel series. The 
relative unavailability of this substance at the present time, however, 
permitted its use in only two dogs. A review of the work of Hu, et al.,^-^ 
discloses the usual pathologic changes which follow the administration 
of digitoxin to dogs when a technique rather similar to ours is emplojmd. 

Of our two animals which received digitoxin, one died after seven 
injections, and the other was sacrificed after twelve injections. In each 
case, the dose was 0.150 mg. per kg. of body weight. Table I shows the 
histopathologic changes in the myocardium of each. These changes con- 
sisted of subendocardial necrosis, with mononuclear and polymorpho- 
nuclear infiltration, as described by Hu, et al.^"'’ 

Table I shows that there was no marked loss of weight in either 
animal. 

DISCUSSION 

Table I shows that, in general, when the total nutrition of the animals 
was maintained in good or fair condition, the pathologic changes in the 
myocardium were not extensive, especially in the animals to which 
lanatoside G had been administered. This was true even in dogs which 
had received toxic doses of the drug over periods as long as ninety-four' 
days. In fact, the dog which was maintained for the longest time showed 
no abnormalities in the heart muscle. The rapid dissipation of the 
lethal effect of large doses of lanatoside C in eats in comparison with 
other digitalis glycosides has been measured by DeGraff and Lehman.* 

No relationship could be established between the histologic changes 
in the myocardium and the spontaneous death of an animal. Extra- 
cardial lesions (cerebral, suprarenal, hepatic, and renal), as described 
by Hueper and Ichniowski,*® may play an important part in eausmg 
death after digitoxin administration. These authors believed that some 
of these dogs showed no myocardial change. Also, no relationship could 
be found between the number of injections and the pathologic changes. 
As noted by Hu, et al.,*^"'' the lesions tend to oceur in the ventricles, 
especially the left. In our animals, no special disease of the coronary 
arteries or of the Purkinje tissues was found. The changes which have 
been described have not been seen in the hearts of normal dogs.’^''^ The 
mechanism of the production of these lesions is not clearly understood. 
They may be the direct result of toxic action of the drug on the muscle 
fibers, or of foci of myocardial ischemia as a result of insufficiency of 
coronary flow caused by increased myocardial tone. However, moderate 
doses of lanatoside C or other digitalis bodies do not restrict coronary 
flow, as measured by the thermostromnhr, in dogs.^^ 
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CONCLUSIONS 

1. Repeated toxic doses of lanatosidc C and of digitoxin -were given 
intravenously to dogs. The attempt was made (by spacing the injections 
and bj^ the use of an adequate diet) to interfere as little as possible with 
the nutrition of the animals. 

2. Focal myocardial necrosis was found in each of two dogs which 
had received digitoxin, and to a relatively lesser extent in six of eight 
dogs which had been given lanatosidc C; the two reinaining dogs showed 
no change in the myocardium. 

3. No relationship could be established between the elmical condi- 
tion of the animals and the myocardial changes. 

We wish to thank Wilfred Chew for his technical assistance in this study. 
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SYPHILITIC COEONARY STENOSIS, WITH 'MYOCARDIAL 

INFARCTION 

George E. Burch, M.D., ahd Travis Winsor, M.D. 

New Orleans, La. 

I T IS generally conceded that syphilis of the cardiovascular system 
affects the heart and contiguous structures in at least six ways. 
There may be (a) aortitis, inflammation of the adventitia, media, 
and intima; (b) aortic aneurysm, either diffuse or saccular; (e) val- 
vulitis or inflammation of the aortic ring, producing regurgitation; (d) 
coronaiy arteritis, producing stenosis of the ostia of the arteries; (e) 
myocarditis, producing either diffuse or gummatous lesions; and (f) 
syphilitic coronary arteritis, resulting in myocardial infarction. It is 
our purpose to discuss the latter condition as found at Charity Hos- 
pital among 6,225 routine, consecutive autopsies, performed between 
January 1, 1937, and January 1, 1942; and to record a specific instance 
of this condition. 

STATISTICS 

During the past five years, 287,257 patients, about half of whom were 
colored, entered the wards of Charity Hospital; 21,642 (7.5 per cent) 
of these were discharged with a clinical diagnosis of heart disease. Of 
this group with heart disease, 326 (1.5 per cent) had myocardial infarc- 
tion resulting from a variety of causes, and of tliese only 3 (0.9 per 
cent) had myocardial infarction secondary to sj^ihilitic coronary steno- 
sis. Among the 6,225 consecutive routine autopsies, there were 4,610 
(74 per cent) uuth a post-mortem diagnosis of heart disease, in 185 (4.0 
per cent) of which myocardial disease of various kinds caused death; 
in only three (1.6 per cent) of these was infarction produced by syph- 
ilitic coronaiy narrowing; therefore, myocardial infarction as a result 
of syphilis is rare. 

Of the total number of autopsies, in 193 (3.1 per cent) there was 
syphilitic aortitis. Forty (20.7 per cent) of the patients with aortitis 
had narrowing of one or both coronary arteries as a result of syphilitic 
infection of the aorta, and only 3 (7.5 per cent) of these had myocardial 
infarction secondary to the stenosis. Of the 193 patients udth syphilitic 
aortitis, only 3 (1.5 per cent) died of myocardial disease caused by coro- 
nary narrowing. The incidence of aortitis in routine autopsies, as re- 
ported by other observers, varies from 2.7 per cent to 7.0 per cent,^’ ® 
whereas that of aortitis with syphilitic coronary narrowing varies be- 
tween 8.4 per cent and 35.0 per cent.®’ ■* Figures from selected sources 
are showm in Table I. 

Prom the Department of Medicine, School of Sledicine, Tulane Universitj' of 
Louisiana, and Charity Hospital of Louisiana. 

Received for publication May 7, 1942. 
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Table I 

Tjie Incjdekce of (1) Syphilitic Aobtitis and (2) Syphilitic Aortitis With 
Some Degree of Stenosis of the Coronary Orifices, From Various 
Reports op Autopsies 


syphilitic aortitis 1 

SYPHILITIC AORTITIS WITH CORONARY 
STENOSIS 

AUTHOR 

PER GENT 

AUTHOR 

PER CENT 

Cormiai 

2.7 

Cairi 

8.4 

Biivcli and Wiusor 

.a.i 

Reid--' 

I2.S 

Rcid^> 

3.2 

Martlandfl 

14.9 

.Symniorfi''' 

0.5 

Clawson and Bpll'o 

19.9 

Cowan and Fanldsi 

6.0 

Rurdi and Winsor 

20.7 

Pint’otTs and Lovo^ 

6.9 

Saphir'i 

31.0 

Oborndovfer^ 

7.0 

Bnionn'- 

33.1 



i Baphir and SooH-' 

35.0 


The relative im]iortaiiee of myoeardial infarction in patients with 
syphilis of the cardiovascular system is shown by the fact that about 
oiie-iiflh of the patients with syjihilitic aortitis have involvement of the 
coronary ostia, whereas only one or two ]icr cent witli syphilitic aortitis 
have myoeardial infarction. Seven or eijrht ])er cent of the p'roup with 
coronaiy narrowing', however, have myocardial infarction. Only six 
cases of cardiac infarction fi-om syphilitic coronary stenosis were found 
in the literature during the jiast ten years. Bruenn’- studied 39 autop- 
sies on patients with coronary stenosis and. found that three of these had 
myoeardial infarction. Saphir'^ de.scribed one such case. Briskman^® 
described two patients who iirobably had myocardial infarction. Nor- 
ris'^ described three patients ivith myocardial change, but doubted that 
eoYonavy occlusion was the etiologic factor. 

The average age of the patients in the Charity Hospital series who 
had syphilitic coronary narrowing was 45 years. The youngest person 
with this condition was 20, and the oldest, 70. Seventy-five per cent 
of the 40 patients were between the ages of 30 and CO. This fits in well 
with the expected time of appearance of cardiovascular sj^philis. 

Both of the coronary ostia were involved in 29 (72.5 per cent) of the 
patients who had some degree of stenosis of the coronary orifices. The 
right alone was involved in 7 (17.5 per cent) and the left in 2 (5.0 per 
cent). Love and Warner^® reported 15 autopsy cases of syphilitic coro- 
nary stenosis. In 8 (53.3 per cent) of these there was stenosis of both 
coronary ostia, in 6 (40.0 per cent), stenosis of the right coronary 
orifice only, and in one (6.6 per cent), nai’rowing of the left coro- 
nary orifice. 

The race distribution of the 40 patients with coronary stenosis at 
Charity Hospital was 6 white and 34 colored, a ratio of about 1 to 6. 
Of the three with myocardial infarction, all were colored. The sex 
distribution of the ]iatients was 9 females and 31 males, a ratio of 
about 1 to 3.5. 
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The Wassermami reaction was recorded in 27 of the 40 patients with 
syphilitic coronary stenosis; it was positive in 26 (96.3 per cent). 
Pincoffs and Love® state that a positive blood Wassermann reaction is 
a valuable diagnostic sign; the reaction was positive in all of their 
antopsied patients who had nanvwing of the coronary arteries caused 
by syphilis. 

The weight of the heart varied, depending on whether or not there 
was: (a) aortic regurgitation, (b) hypertension, (c) aortic regiu’gita- 
tion and hjTpertension combined; (d) S3'philitic coronary stenosis, or 
(e) aortic aneuiysm. These variations are shovm in Table II. 


T^vble II 

Heart Weights (Graais) in Forty Cases op Syphilitic Coronary Stenosis, 
Correlated With Certain Associated Abnormal States 


PATHOLOGIC STATE 

j 

NO. op 

CASES 

ME^VN 

HT. WT. 

MINIMUM 

HT. WT, 

MAXI- 

MUM 

HT, WT. 

1. Aortic regurgitation and essential liyper- 
tension 

2 

79S 

650 

945 

2. Essential hypertension 

5 

634 

330 

; 900 

3. Aortic regurgitation 

20 

609 

j 315 

945 

4, Syphilitic coronary stenosis alone 

4 

413 

1 220 

500 

5. Aortic aneurysm 

2 

2SS 

i 220 

355 


Although the number of cases is small, the data tend to indicate that 
the heaviest hearts were from patients who had a combination of aortic 
regurgitation and essential hj^'pertension. Either of these conditions 
alone generally resulted in a marked increase in cardiac weight. The 
average weight when coronary stenosis was associated with hyperten- 
sion, aortic regurgitation, or a combination of these conditions, was 680 
grams. In two cases, aoriie aneuiysm did not produce an increase in 
cardiac weight (average for the two hearts, 288 grams). Coronary 
stenosis alone, however, was associated with an average heart weight 
midway between these two figures, namely, 413 grams. These figures 
agree with those of Bruenn.^- He found that the heart with syphilitic 
coronary stenosis was only moderately enlarged (largest, 420 grams) 
whereas the heart with coronary stenosis associated with aortic re- 
gurgitation was greatlj’- enlarged. 

The following case illustrates the clinical picture of myrncardial in- 
farction caused by sjphilitie obstruction of the coronary orifices. 

REPORT OF CASE 

L. A., a 39-year-old coloi’ed woman, married, a shrimp worker, entered the 
Charity Hospital November 7, 1941, and died November S, 1941, 

The patient had been well until six weeks before entrance, when she first noted 
pain in the chest and dyspnea which came on suddenly after meals or exertion. 
The pain was most intense about the lower end of the sternum, and radiated to the 
left shoulder and down the arm to the level of the elbow. The pain was sudden 
in onset, vise-like in character, and severe enough to produce crying. It frequently 
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lasted fifteen to twenty minutes. She had two or three such attacks daily, and they 
increased in frequency and duration until the daj' of the admission, at w'hich time 
she experienced the most excruciating attack .she had ever had. At this time she 
coughed up some blood-tinged sputum. 

There was no history of Bjiihilis. On October 12, 1941, her blood IVassermann 
reaction was positive. An electrocardiogram on the same date showed only left 
axis deviation. 

On entrance her temperature was 99.2° F., her pulse rate, 120 per minute, her 
respiratory rate, 30 per minute, and her blood iircssurc, 115/SO. She was moderately 
obese, and was sitting in bed gasping for breath. The pupils were circular, equal, and 
reacted well to light and accommodation. The heart was moderately enlarged 
to the left. A soft systolic murmur was heard at the mitral area. The pulmonic 
second sound was louder than the aortic second sound. Pine moist rales were heard 
throughout both lungs postoriorlj'. The liver was palpable four centimeters below 
the costal margin. Slight edema of the ankles was present. 

The patient was treated with digitalis, aminophyllin, oxygen, and li}q)ertonic 
glucose solution intravenoush'. She became increasingly dyspncic and edematous, 
and coughed up some bloody, frothj' material. She died suddenly bTovember 8, 1941, 
after six hours of hospitalization. 

Kccropsy . — The heart weighed 350 grams. It was dilated and flabby. There was 
definite e\*idence of infarction of the major portion of the left ventricle and the 
lower portion of the interventricular septum. The aortic valves were slightly 
thickened and tlio commissures were negligibly widened. Both coronary ostia were 
markedly narrowed at the aortic wall, but beyond this point the vessels were widely 
patent. No emboli were found. The circumference of the aortic ring was not 
enlarged. The aorta .showed typical oak-bark wrinkling at the root. Circumscribed, 
elevated, edematous plaques were seen in the first part of the aorta and in the 
sinuses of Valsalva. 

Microscopically, the cardiac muscle was edematous, and many of the libers showed 
hyalinization and necrosis. The endocardium was thickened by the presence of fibrin, 
round cells, and some polymorphonuclear cells. The aorta was the scat of intimal 
thickening and infiltration with lymphocytic cells. The vasa vasorum showed intimal 
thickening and perivascular collars. Lj-mphocytic infiltration was most marked in 
the tissue between the adventitia and media. 

DISCUSSION 

The history of severe precordial pain, referred to the inner aspect 
of the left arm, in a middle-aged colored person Avith a positive Wasser- 
mann reaction and no arteriosclerosis or hj^iertension suggests the pos- 
siliility of syphilitic coronaiy narrowing. This patient presented such 
a picture. Bnienn^- states that precordial pain is the presenting com- 
plaint of the majority of patients with the syphilitic coronary sjoidrome ; 
twenty-three of his thirty-five patients Avith coronary stenosis had 
anginal pain. It must be borne in mind, lioAvever, that many patients 
Avith coronary stenosis, and CA'en those Avith complete closure of both 
coronaiy ostia (vide infra), may have no preeordial pain of any kind. 
On the other hand, syphilitic aortitis, AAutli or Avithout aneurysm or 
aortic insufficiency, and numerous nonsyphilitie states may produce pre- 
cordial pain AAdiich is indistuiguishable from that chai’aeteristieally pro- 
duced by syphilitic coronary stenosis. The race and age of the pa- 
tient^® suggested the possibility of syphilis as a cause of coronary 
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stenosis. The positive Wassermann reaction was highly compatible with 
sjTihilitic coronary stenosis, as pointed ont hy Pincoffs and Love® and 
as shoivn hy the records from Charity Hospital. The size of the heart 
was in keeping with syphilitic coronary stenosis. The short course of 
her illness (only six weelcs from tlie onset of the precordial pain), the 
typical pain of coronary occlusion, the lack of response to treatment, 
the history of infrequent previous hospital admissions, and the fact 
that the patient grew worse rapidly fitted in well with the diagnosis of 
syphilitic coronary stenosis witli myocardial infarction. 

PATHOLOGY 

A vascular phenomenon underlies many of the pathologic changes in 
both the early and late stages of syphilitic di.sease. Any organ of the 
body may be involved, and numerous dissimilar lesions are frequently 
produced. Coronary occlusion, aortic aneurysm, cerebral hemorrhage, 
primary chancre, gastric ulcer, and necrosis of gurnmata are secondary 
to vascular changes, and all present the picture of a productive oblitera- 
ting arteritis which involves all three coats of the arteries.^"’ Such 
lesions may obstruct the coronai’y, carotid, innominate, or spinal arte- 
rial ostia, or they may weaken their walls to produce aneurysm or dila- 
tation.^® 

Microscopically, the adventitia of the coronaries shows an accumu- 
lation of small round cells, paificularly about the vasa vasorum. Sloritz®® 
states that the inflammation usually begins about the vasa vasorum in 
the adventitia of the vessel. This process penetrates the media and 
intima by extension of the inflammation along the smaller vessels.^® The 
media becomes infiltrated with lymphocytic and small round cells which 
replace the healthy muscle and elastic tissue. The intima is greatly 
thickened as a result of the formation of succulent vascular inflam- 
matory plaques which occlude the ostia of the coronary arteries at the 
point where they pass through the aortic wall. Such exudative, edema- 
tous lesions may encircle the aortic root, forming the so-called ''girdle 
of Venus. When the coronary ostia are involved, nsually only the 
first 30 millimeters of the arteiy are affected, and beyond this point the 
vessel mdens and remains patent throughout its entire length. In- 
volvement of the distal branches is rare.®’ ^®’ ®®’®® Corniia,^ however, 
states that the distal portions of the coronary artex'ies are nivolved in 
23 per cent of the cases of narrowing of the coronary ostia caused by 
syphilitic aortitis. 

The high incidence of coronary stenosis is due, in large part, to the 
location of the coronary ostia in the aortic wall, as well as to the dis- 
tribution of the blood supply of the coronary ostia and aortic root. 
The locations of the coronaiy orifices are not constant. Ordinarily, 
they are within the sinuses of Valsalva, but this is by no means invari- 
able. Occasionally they are found one or two centimeters above the 
sinuses, in which case they are more easily involved in the syphilitic 
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infiltration at the root of the aorta."' WeaiTi"® states that the high inci- 
dence of ostial involvement is due to Ihc fact that a branch of the coro- 
nary artery .sn])plies the first part of tlie aorta in the region -where 
aortitis is most common. 

The lime of apiiearaneo of syphilitic coronary stenosis in cases of 
syphilitic aortitis is often early in the course of the disease, for stenosis 
is sometimes found in an aorta which is almost free from syphilitic 
involvement.-'’ 

It is frequently difficult to distinguish between syphilitic and arterio- 
sclerotic coronary disease, for, in cither case, ]ilaqnes are formed which 
may be similar in appearance and location. Fatty changes and calci- 
fication may occur in either condition. In .syphilis the inflammatory 
proec.ss extends from the adventitia to the intima, and a fibrotic exuda- 
tive change takes place within all the vascular coats. Fatty change, 
with eholcslcrolization and calcification of all arterial .stnictures, may 
result secondarily. In artei-iosclerosis the fatty change takes place early 
in the intima, and a superficial fibroblastic change, wliich peneti’ates 
no deeper than tlic intima, occurs later. Frequently, botli a syphilitic 
and arteriasclerotic proec.ss are present Leary’® states that arterio- 
sclerotic changes arc frequently engrafted upon old syphilitic lesions, 
and, as these regress, the arteriosclerotic changes become more promi- 
nent. There arc, however, certain abnormalities in the cardiovascular 
system which help to distinguish between .s^q^hilitic and arterio.sclcrotic 
coronary disease. In .syiihilis, the coronary arteries show thickening 
of all three coats, longitudinal wrinkling of the intima, edematous 
plaques about the ostia of the artorie.s, and patency of the terminal 
portion of the artery. There arc perivascular round cell infiltration 
and, more rarely, gummata about the coi'onaiy ostia. In arteriosclero.sis 
there are no Longcope plaques, nor is there wi-inkling of the intima. 
The coronaries arc tortuous, hard, and Indttle, and contain finu yellow 
plaques which extend throughout the length of the artery." Gli.stening 
fibrous tissue is sometimes found in the left ventricular musculature. 

The myocardial change wliich results from coronary arteriosclerosis 
and syphilitic coronary stenosis may be similar. Fibrosis and Lunpho- 
cytic infiltration of the myocardium will be found if cardiac ischemia 
has been present. If a sudden coronary stenosis had taken place, myo- 
cardial infarction would be ])rc.scnt provided death had not oeeuri-ed 
too suddenly. In patients -with syphilitic coronary stenosis there is no 
essential relationshi]i between coronary closure and myocardial ebange. 
This is because of the insidious involvement of the arteries and the rich 
collateral circulation which develops. Briskman” described four pa- 
tients with .syphilitic coronaiy stenosis who died suddenly. At necropsy 
two showed atrophy of the myocardium and one myocardial fibrosis, and, 
in one, the myocardium was unaltered. 

The collateral circulation which results from slow coronary occlusion 
IS extensive.-'’’ ®‘’ Wearn, et al.,®’ have shown by injection methods that 
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tlie artero-hiininal, artero-sinusoidal and Thebesian vessels, all of which 
run between the coronary vessels and chambers of the heart, are prob- 
ably active in such cases. Pratt®- was able to keep a cat heart beating 
for one hour by perfusing blood thi’ough the auricles and ventricles. 
This seems to indicate that the cardiac musculature can be nourished by 
blood passing through the chambers of the heart, and is not entnely 
dependent upon blood entering through the coronary vessels. In syph- 
ilitic coronaiy stenosis the vessel is usually patent beyond the obstruc- 
tion at its orifice. This suggests that blood flows through these vessels, 
although the eoronaiy ostia maj’- be. completely closed. Leary^® states 
that collateral vessels develop through the pericardial, bronchial, and 
aortic vasa vasonnn, and contribute to the nutrition of the heart when 
coronary stenosis exists. 

DIAGNOSIS 

S^'^philitic coronary stenosis noth or ufithout varying degrees of mj^o- 
eardial infarction is frequently suspected clinically, but the diagnosis 
may be impossible to prove. In general, anginal pain, a moderatelj’' en- 
larged heart, and a positive 'Wassermann reaction in a young male 
Negro, who responds poorly to digitalis or antisyphilitic di’ugs and 
grows woi’se rapidljq should indicate the presence of syphilitic coronaiy 
stenosis. If, in addition, there are shock, hjqiotension, muffled heart 
tones, a pericardial friction nib, leucocytosis, and an elevated sedimenta- 
tion rate, m 3 ’'ocardial infarction secondary to sj^philitic coronaiy nar- 
rowing should be considered. In such cases, however, death may occui’ 
so rapidly that these tj^pieal signs of mjmcardial infarction do not have 
time to develop. 

Syphilitic coronary stenosis is found in relativelj’' jmung pemons. 
Bnienn^® states that the average age is 34 j^ears. At Charity Hospital 
the age of the patients varied between 30 and 60. The patients with 
sjqihilitie aortitis reported b.v Lorigcope^” were in a similar age group, 
i.e., between 30 and 50. Patients irith arteriosclerotic coronary disease 
are likely to be older. 

S 5 q)hilitie coronaiy stenosis is frequently associated with aortic re- 
gurgitation. This is important because patients with the latter condi- 
tion should be suspected of having involvement of their coronary arter- 
ies. Eighty-seven and one-tenth per cent of Bruenn’s^® patients with 
sjqpliilitie coronaiy stenosis also had involvement of the aortic valves, 
and 76 per cent of the patients at Charity Hospital with coronaiy 
stenosis had definite aortic regurgitation.' "When aortic insufficiency is 
found in a young, white person it is likely to he the result of rheumatic 
fever, which onty rarelj'' involves the coronaiy arteries, whereas aortic 
regurgitation in a young, colored person is more lilielj'' to be syphilitic. 
At' Charity Hospital, the coronary arteries showed sj'^philitic involve- 
ment six times more ffequentty in the colored race than in the white. 
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The pain caused by syphilitic coronary stenosis frequently simulates 
angina pectoris. It develops suddenly, is viselike in character, and 
tends to radiate from the preeordinm to the arm, neck; hack, or epi- 
gastrium. It generally lasts from a few seconds to a few minutes and 
is precipitated hy eating or exercise. Pincoffs and Love® found that 
86.6 per cent of their patients with syphilitic coronary stenosis had 
typical angina. They slate that anginal pain is rare in patients with 
uncomplicated aortitis, but is common in those with syphilitic coronary 
stenosis. Anginal pain may, however, he present with other forms of 
cardiovascular disease. If angina occurs in a patient under 40 years of 
age with a positive Wassermann reaction, the pain is probably syph- 
ilitic in origin ; if the patient is over 40, it is probably caused by coro- 
naiy arteriosclerosis.® Willius®® states that angina of over ten minutes’ 
duration is likely to be caused by organic coronary change, and is in- 
dicative of syphilitic stenosis if the patient is a young Negro. Long- 
cope^® states that the pain of aortitis is produced by inflammation at the 
root of the aorta or by broneho.spasm. This type of pain may be con- 
fused with the anginal pain caused by coronary involvement. Typically, 
the pain associated with aortic regurgitation or aortic aneurysm does 
not tend to radiate. It is present as a constant, viselike, substernal 
oppression. On the other hand, there may be extensive involvement of 
the root of the aorta or complete stenosis of both coronary ostia without 
any pain whatsoever.®^ Albutt®^ states that a man may be fairly com- 
fortable with both coronary ostia completely occluded. Kokita®^ re- 
poited a patient with acute congestive heart failure without angina 
pectoris who had complete occlusion of one coronary orifice. 

The mechanism of the production of the pain is not clear. Leaiy®® 
states that eoronaiy spasm is a factor in producing angina and sudden 
death. Lewis®® and Katz®' state that myocardial ischemia produces cir- 
culatory metabolites which are responsible for the pain. Norris®® be- 
lieves that the pain is caused by inflammation of the pericoronary nerves. 
These factors are probalily important, but they do not explain all 
clinical or experimental observations. 

Cardiac enlargement, we found, is only moderate in cases of uncom- 
plicated syphilitic coronary narrowing. This is in agreement with 
Bruenn,®® who states that the largest of thirty-nine hearts which were 
the seat of coronary stenosis weighed 420 grams; the average Avas 370. 
In the Charity Hospital study the greatest heart weight Avith uncom- 
plicated coronary narroAving Avas 500 grams, and the average AA^as 413 
grams. The cause of this moderate hypertrophy is not clear. It has 
been suggested that myocardial ischemia tends to prevent cardiac hyper- 
trophy. This explanation is inadequate. 

Patients AAdth coronary stenosis and aortic regurgitation, coronary 
stenosis and essential hypertension, or coronary stenosis, aortic regurgi- 
tation, and essential hypertension had A^ery heaAy hearts; the average 
Avas 680 grams, and the greatest, 945 grams. The largest hearts are 
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generally produced by rheumatic heart disease, arteriosclerosis, hyper- 
tension, and aortic regurgitation. These niaj^ weigh nearly 1,000 
grams.®® Such cardiac enlargement is not usually caused by uncom- 
plicated coronary stenosis. On tlie otlier hand, if coronary stenosis is 
associated udth aortic aneurysm, the weight is not increased markedly. 
In this group the average weight was 288 grams, and the greatest weight 
was 355 grams. 

The blood Wassermann reaction, if it is positive, is a valuable sugges- 
tive sign of cardiovascular sypliilis, and more particularly of coronary 
stenosis. Scott®® states that 10 per cent of patients with aortitis have 
a negative Wassermann reaction. Longcope’® found positive Wasser- 
mann reactions in 75 per cent of his patients with cardiovascular syphi- 
lis, and Warr^® found positive reactions in 74 per cent. Pineoffs and 
Love® state that the complement fixation test was positive in all of their 
patients with syphilitic coronary stenosis. At Charity Hospital, 06.3 
per cent of twenty-six ]iatients with coronary stenosis had a positive 
Wassermann reaction in spite of the fact that most of these patients 
had had some antisypliilitic treatment. 

The electrocardiogram usually gives little evidence of syphilitic cor- 
onary involvement. Although little is known concerning the electro- 
cardiographic changes secondary to syphilitic coronary narrowing, one 
would expect them to be similar to those which occur ndth myocardial 
ischemia or myocardial infarction resulting from other causes. Bruenn^® 
reported left axis deviation and abnormal T waves in a significant number 
of patients Avith coronary stenosis and aortic regurgitation. Juster and 
Pardee"*® reported abnormal T Avaves in 85 per cent of thirty-five patients 
Avith syphilitic aortitis. Willius®® states that a negatiA-^e T^ and T„ are 
common in cases of obliterative arterial disease of the left coronary 
artery, and that this indicates myofibrosis or a healed or healing myo- 
cardial infarct. Moritz®® reported three patients AAuth coronary arteritis 
who died suddenly; all had normal electrocardiograms and tAVo had 
angina, but at necropsy neither shoAved any evidence of myocardial 
infarction. The three patients Avith mjmcardial infarction at Charity 
Hospital died so quickly that electrocardiograms could not be taken. 

It is often difficult to differentiate syphilitic coronary stenosis from 
conditions AAdiich resemble it. (1) In simple aortitis, precordial pain is 
usually absent, the T Avaves in the electrocardiogram are not abnormal, 
and the aortic second sound is usually not tympanitic. (2) In aortic 
aneurysm, a fusiform or saccular dilatation of the aorta may be seen 
roentgenograpliically or fluoroscopically, and the aortic second sound 
usually is tympanitic. Diadrast may be used to outline the aortic en- 
largement, and pain, if present, is usually constant and nonradiating. 
Pressure phenomena may complicate the picture. (3) In aortic in- 
sufficiency, a large, forcefully beating heart and prominent peripheral 
signs are observable. The pain is usuallj'- constant, but may be anginal 
in character. The response to treatment is poor, and the patient is 
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usually admitted to the hospital only once. The life expectancy is 
somewhat more than a 3 ’-ear from the onset of symptoms. Sudden 
death may ensue. These patients have a high incidence of concomitant 
coronary stenosis. (4) Pure coronaiy stenosis shows itself clinicallj^ 
as angina, dyspnea on exertion, or paroxj^smal nocturnal dyspnea. The 
response to treatment is poor, and the life expeetanc.v is approximate^ 
three months after the onset of sjTuptoms. The patient is usuallj^ under 
40 years of age, and a positive Wassermann reaction is common. A 
relativelj’’ slow death, with congestive heart failure, is the rule; how- 
ever, sudden death from anginal failure maj^ occur. The heart is 
usuaUj^ onlj^ moderatelj^ enlarged. When tlie mjmcardium becomes 
rapidly involved as a result of coronary stenosis, there maj’’ be a history 
of sudden, agonizing, px'ecordial pain which lasts for more than ten 
minutes. Fever, leucoej’tosis, an elevated sedimentation rate, electro- 
cardiographic changes, a friction rub, and an enlarging heart indicate 
the presence of mjmcardial infarction. Other signs of mjmcardial in- 
farction are a low sj’-stolie blood pressure, a diffuse apical thrust, muffled 
heart tones, dyspnea, edema, orthopnea, pulmonaiy lypertension, 
paroxj'-smal nocturnal dj'spnea, gallop rh^dlim, and heart block or 
Stokes-Adams attacks. Auricular fibrillation is unusual. 


PROGNOSIS 

Patients with cardiovascular syphilis die more frequently from their 
cardiac disease tlian from intereuiTent illnesses. Cormia^ states that, 
of 199 patients with cardiovascular sj’-philis, all but six died of heart 
disease. Sudden death has been defined as that which occurs within 
six hours from the onset of symptoms. In cardiovascular syphilis, 
death is usually sudden and maj'' be caused bj^ a variety of conditions : 
(1) A ruptured aortic aneurysm may discharge its contents externally, 
into the pleural space, trachea, bronchi, esophagus, mediastinum, or the 
pulmonary artery. Death is usuallj’^ sudden except in the latter case, 
in which the patient may live for months. (2) A dissecting aneurysm, 
beginning with rmpture of an aortic vasa vasorum and dissection of blood 
into the pericardial space, maj’^ irroduce cardiac tamponade. Death is 
usuallj’- sudden, but it may be slow if the hemopericardium develops 
slowly arrd the pericardial membraire stretches greatl.y. (3) Congestive 
heart failure caused by aortic regurgitation or ruptured aortic valve 
cusps may occur. Death is sometimes sudden, but it is more usually 
slow and is caused by the low diastolic blood pressure, with poor coro- 
nary circulation. (4) Congestive heart failure secondary to mjmeardial 
syphilis usuallj’^ causes death within two or three months. (5) Coronary 
embolism resulting from thrombo.sis in the area of aortitis causes sudden 
death.^’^ (6) A Ilerxheimer reaction produces death in a few hours. 
(7) Lastly, coronarj^ stenosis with or without nrjmcardial infarction 
may be a cause of death. In the latter group, sudden death may occur, 
but a rapidly fatal course is more common. Pincoffs and Love® reported 
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six patients with coronary stenosis Avho lived an average of 2.3 months 
after the onset of sjanptoms. They grew worse rapidly and did not 
respond to treatment. Bniemi^- states tliat the average length of life 
after cardiac s^miptoms appear in patients with coronary stenosis is 
3.2 months. Patients with coronary stenosis and myocardial infarction 
are likely to die suddenly. Of the three patients with myocardial in- 
farction caused by s^-philitic coronaiw stenosis in the Charity Hospital 
series, one was sitting in bed when he developed acute congestive heart 
failure ; he died about six hours later. One patient was kneeling in 
church when slie was struck with precordial pain. She died within the 
hour in tlie emergency room at Charity Hospital. The third patient 
had acute congestive failure when he entered the emergency room and 
died before he could be admitted to the ward. All three of these hearts 
showed gross and microscopic emdence of infarction. 


SUaiMARY 

The protocols of 6,225 consecutive autopsies at the Charity Hospital 
of New Orleans during the past five years were reviewed in order to 
ascertain the incidence of myocardial infarction seeondaiy to syphilitic 
coronary stenosis. Tliree such patients were found. These comprised 
1.6 per cent of all cases of myocardial infarction. A review of the 
literature revealed nine other patients with myocardial infarction caused 
by S 5 T)hilis. 

The average age of the patients with syphilitic coronary stenosis was 
forty-five years. Both arteries were involved in the majority of cases. 
Among the patients with coronary stenosis, the white to colored ratio 
was about one to six, and the female to male ratio was about one to three 
and a half. Tire blood Wassermaini reaction was positive in 96.3 per 
cent of the patients vuth coronary stenosis. The average weight of the 
hearts with coronary stenosis alone was 413 grams, whereas patients 
who had had coronary stenosis and aoidic regurgitation, hjyertension, 
or both, had an average heart weight of 680 grams. 

A case of mjmeardial infarction secondary to syphilitic coronary 
stenosis was described to illustrate the clinical picture. 
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CONGENITAL AORTIC AND ]\IITRAL ATRESIA 

Report of a Case and Re^tew of the Literature 

Roland Walker, Ph.D., and Gusta-stjs H, Klinck, Jr., M.D. 

Troy, N. Y. 

O EVIEW^ of the literature shows that complete mitral and aortic 
atresia is a relatively rare condition. A case in which there were 
these and associated anomalies led us to study the variants described by 
otheis, and to summarize their ivork in relation to our observations. 


CASE report" 


The patient, a ^Yl^te female child, five days old, was horn spontaneously and was 
apparently normal, evidencing the usual color, cry, and activity. On the da^"^ after 
birth, it was noted that the child was pale but nursed well. On the second day after 
birth, the infant had to be urged to nurse. On the third day, there was evidence 
that it tired very easily while feeding and that its color remained very pale. The 
child was listless for the greater part of the tliird day, and, in the evening, when 
the temperature fell to 97° P., warm blankets were applied. On the fourth day, it 
was noted that respiration was rapid, shallow, and labored. In addition, cyanosis was 
present, and the baby continued to be cold. Breast milk was refused. Later in the 
day the cyanosis became marked and the heartbeat weak. AVliile being lifted from 
the crib for a blood cell count, the child ceased breathing. Artificial respiration and 
stimulants were given to no avail. 

Mother’s Becord . — The mother was twenty-four years of age and had been de- 
livered of a normal, full-term child three years previously. At that time, comple- 
ment-fixation tests for syphilis on the maternal and cord blood were negative. There 
is nothing to show that complement-fixation tests were done on the mother and cliild 
at the time of delivery of the infant who presented the cardiac anomaly under dis- 
cussion. There was no history of abortion. Recovery from delivery was uneventful. 

Autopsy . — Gross examination showed an apparently normally developed and well- 
nourished child, measuring 47 cm. in length. Slight general lividitj' and cyanosis 
of the nail beds were noted. The subcutaneous tissues were normally moist. The 
peritoneal cavity contained about 25 c.c. of clear 3 'ellow fluid that was slightly viscid. 
The tlnunus gland measured 3.5 x 3.5 x 1 cm. and presented notliing unusual. 

The heart appeared to be enlarged but was not weighed because it was left at- 
tached to the lungs and great vessels. In situ, the organ measured 5 cm. m its 
greatest transverse diameter and 4.5 cm. in its greatest vertical diameter. The right 
atrium was much enlarged, whereas the left was reduced in size. The ventricular 
mass had no groove indicating subdivision into right and left portions, but the 
imttern of the coronary vessels (confirmed by dissection) showed that the right 
ventricle formed the major portion of the mass, and included the apex, uhereas the 
left ventricular wall consisted of a small patch on the left dorsal side (Pig. !)• 

The right and left atria received, respectivelj-, the venae cavae and pulmonary 
veins in the usual manner. These vessels were of normal size. The interatrial 
foramen (“foramen ovale,'’ which we think maj' be a persistent ostium primum) 
was circular and measured 0.6 cm. in diameter. 
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The right ventricle wns enormous; its -walls averaged O.G cm. in thickness. The 
atrioventricular opening was surrounded by a large valve -which showed some 
tendency to be divided into segments. At the upper portion of this chamber, near 
a point where the pulmonary artery would normally arise, was a large arterial trunk 
1.1 cm. in diameter. Near its origin were three well-formed valve leaflets, of the 
semilunar typo, arranged around a ring .1 cm. in circumference. 

Tlie left ventricle was merely a small, blind cavity, 1.8 x 0.7 x 0.1 cm., lined by 
smooth, normal endocardium, in the wall of the right ventricle. The mitral valve 
and aortic ostium were completely atretic, and the interventricular .“cptum was normal. 
Tlie mitral valve was represented b}* a thin imperforate membrane, approximately 
0.2 cm. in diameter. 


"ascending" aorta 
ductus arteriosus 


left pulmonary art 
right pulmonary art 
pulmonary trunk 

coronary arteries 
great cardiac vein 


right subclavian artery 
right carotid artery 



escending aorta 

ft pulmonary veins 
interatrial foramen 

position orsmall atretic 
left alrio- ventricular 
tnernbrone 

inferior vena cava 


external interatrial 
groove 

coronary sinus 

— reflected wall of 
left ventricle 

interventricular 
Septum (entire) 
small cardiac vein 
middle cardiac vein 

circumflex branch of 
left coronary artery 


approximate outline of 
left ventricular muscle 


o 1 i 3 <1 

Fig:. 1. — Heart viewed from the left. 


The great arteries arising from the heart bore tiic normal fetal morphologic re- 
lations but were greatly disproportionate in size. Tlie pulmonary trunk arose from 
the right ventricle in the usual manner and inca.sured 1.1 cm. in diameter. After 
giving off riglit and left pulmonary arteries of normal .size, the vessel continued to 
the left as the ductus arteriosus (0.8 cm. in diameter) which, after giving oif a 
hranch, continued as the descending aorta. The branch just montioned represented 
the aortic arch, which gave ofT normal neck vessels us well as a small “ascending 
aorta,” 0.2 cm. in diameter. 

The “ascending aorta” terminated in a blind pocket, with no ridges indicating 
even remnants of semilunar valves. At its lowest point of patency, this rudimentary 
aorta, gave off right and left coronary arteries which had an approximately normal 
istribution. The blind end, or “root,” of the aorta la}', as is normal, directly op- 
po.site the commissure between two of the pulmonary cusps. In relation to the inter- 
ventricular septum, however, it was misplaced, for it lay almost directly above the 
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right face of the septum. Thus, its ivall bulged slightly into the upper corner of the 
right ventricle, and it was separated by some distance from the blind, functionless 
left ventricle. 

Histologic examination of the major organs showed.no rcmarhable changes. Par- 
ticular attention was directed to the myocardium of the right and left ventricles, 
especially in the region of tlie atretic mitral and aortic valves. As far as we could 
ascertain, there were no signs indicating old inflammatory disease which might 
have accounted for atresia of either orifice. The muscle fibers were of normal size. 
No cellular infiltration was present. 



Fig. 2. — Diagram interpreting probable function. 


Functionally, the structural conditions implied a complete mixing of pu rnonaij 
and systemic venous blood in the right atrium and ventricle, with distribution o 
equivalent, partly aerated blood to pulmonary, coronary, head, and systemic ar enes 
(Fig. 2).- • • ■ 

The morphologic picture consisted of atresia of all openings to the left ventricle, 
with hypoplasia of the left ventricle and atrium, and of the aorta, together with a 
wide compensatory defect in the interatrial septum, patency of the ductus arteriosus, 
and right-sided hyperplasia. The “ascending” aorta carried blood destined only 
for the coronary arteries, but in a direction opposite normal. 
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DISCUSSION 

Altliongli no exactly similar ease has heeii found in the literature, 
the above general pietnre, wilh variations, has been presented in many 
cases. However, it is well 1o delimit the essential points and to show 
the bearing of the present ease on the discussion as to the etiologj^ of 
similar conditions. We liavc not allcmpted to review eveiy pertinent 
paper, especially in the literature of the past century, but it is hoped 
that we have considered the mo.st significant work of the last decades. 

First, it should be clearly understood that inflammatory mitral 
slenasis of the adult (Tjutombacher’s syndrome’) is not comparable to 
fetal anomalies of develo]nnenf . Wilh adult mitral stenosis there is 
sometimes aortic stenosis, as well. Only when there is an associated 
interatrial defect can the condition progress far, but in such eases 
there is neither the left-sided hypoplasia nor the patent ductus which 
are found in developmental anomalies. 

Passing mention might be made of congenital pulmonary and tri- 
cuspid atresia.-’ ^ In sucli cases the conditions are similar to, but re- 
versed from, the aoi’lic and mitral ati-esias. Tliere are right-sided hypo- 
plasia, patency of the ductus and foramen ovale, and complete mixing 
of the blood in the enlarged left side. The variation in detail is similar 
to that in the series to bo reviewed below, and a diseu-ssion of the 
etiology would probably be similar, i.e., it is to be expected that any 
check of flow through the right ventricle at an early stage, whether as 
the result of inflammatory disease or of misplacement of a septum, 
and whether the tricuspid or pulmonary valve was primarily involved, 
would entail the consequences observed. 

Again, we would merely note the intermediate cases'”®'’ ^ in which 
aortic atresia or stenosis is a.s.sociated with transposition of the arteries 
and right-sided hypoplasia, so that tlie results are functionally similar 
to ours. The case of Mills” seems to approximate this condition, al- 
though the ambiguity of his description leaves doubt as to whether this 
heart lielongs hero or in the main series reviewed later. 

Certain reports of cases otherwise similar to ours describe a single 
ventricle, i.e., either absence of tlie left ventricle or absence of the intei’- 
ventricular septum. In some cases this may be so, but certain descrip- 
tions’-’^ leave a little doubt as to whether tlie authors may have over- 
looked a rudimentary cavity “imbedded” in the wall. We feel freer to 
malic the suggestion because we ourselves made this error at first, and 
the possibility of error has been emphasized before.”’ ’■* Of the de- 
scriptions of similar “ti’ilocular” hearts, only those of Monserrat’” and 
Dudzus’” give convincing evidence that not more than one ventricular 
cavity was present. Hastings”' description leaves some doubt, but in 
a personal communication he assures us that in his case, also, a sys- 
tematic search was made. Such cases may, of course, be functionally 
similar to those with a blind left ventricle. 

•Pages 181-182. 
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The main series to be considered here extends some^Yhat beyond the 
narrower limits of the conditions represented by our ovm case, and in- 
cludes eases of aortic and mitral stenosis, as well as other variants which 
may throw light on some aspects of the problem. 

In the cases remewed, the condition of the interventricular septum 
.varies from certain absence'" and doubtful absence, through those with 
obvious defects and those Avith a mere cleft,'® to eases like ours, in Avhieh 
the septum AA’as normal.' '*-' In DonnallvYs-® case, AAdiieh AAms misappre- 
hended by Abbott and DaAvson,^ the septum Avas also complete. When 
the septum is adequately indicated, it varies considerably in position 
relatiA'e to the tAvo A’entrieles, as Avell as to the gveat arteries. In the 
case of Schrader,-^ for instance, tlie anomaly Avas apparently of much 
later origin; tlie A'entricles Avere more nearly of the same size, and the 
smaller left A'entricle still reached to the apex. In all the other cases the 
large right ventricle formed the apex, and the septum Avas usually 
convex to the left. In Philpott's-® ease, hoAvever, the large right Amn- 
tricle curved around the small left chamber, even more than in the 
normal heart. It is obvious that, if the left ventricle is much reduced, 
there will not be room for mitral and aortic valves of normal size and 
position. Some cases appear to be like ours in apparent displacement 
of the septum relative to the aortic or mitral ostia. These Avould almost 
surely include any in Avhieh a blind left A'entricle may have been over- 
looked, but in Avhieh aortic or mitral valves are described in relation to 
the (right) ventricle.® Usually, hoAvever, there is a general reduction 
of the left side of the heart, AA'ith a proportionate reduction of the (often 
atretic) A'alves, i.e., the interventricular septum clearly lies in its normal 
relation to the atrioventricular and arterial valves.-®’ -®’ 

The morphologic complex of A\'hich our heart is the tAq^e calls for a 
defect of the interatrial septum if function is to continue. The only 
cases revicAved in AA'hich there Avas no such patency are those^ of 
McIntosh,® in Avhich there Avas compensation by abziormal communica- 
tion of a pulmonary A*ein Avith the .superior vena caAm, and Bellet and 
Gouley,-' in AA'hich the path of compensatory floAv Avas doubtful and 
inadequate (patient died tAvelA'e hours after birth). SpoWerini and 
BarbierP®® had an almost complete closure of the foi’amen oA'ale. Thej 
assumed that the blood returned from the lungs through the bronchial 
veins! Lippincott’s®® assumption that there Avas no floAv through a 
patent foramen oA'ale fails to take cognizance of the changes fiom the 
normal pattern of circulation entailed by this complex. In one case, 
vrith an aperture of only 0.2 cm., there Avas an associated aneizrysmal 
bulge of the interatrial septum to the right, AA'ith thickening of the 
endocardium of the left side. Othern'ise, there are consistent repoits - 
of considerable interatrial defects; but the size, form, and perhaps the 
morphologic sigrdfieance of these defects are varied. In size thej 
A’ary from small and pei’haps inadequate openings®®’ ®®t to lai ge 
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patencies, e.g., 14 or even absence of the septum.^' There is 

variation in shape of the foramen from a smooth, single hole, to a pair 
of holes'^ or oven multiple openings.^*’ 

The tenn “foramen ovale” is loosely used for any interatrial open- 
ing, regardless of the developmental relations. Perhaps most of the 
cases reported are exam]des of true ostium secundum, but our own case 
suggests persistence of the ostium primum. In such cases the opening 
is close against the atrioventricular (cushion) septum anteriorly, so 
that there is no inferior or anterior limbus of the fossa, aside from the 
atrial floor and anterior wall. The rather wide fossa is about two-thirds 
closed by a cre.scentie membrane growing from the superior and pos- 
terior sides. The only desei-i]i1ion in this series which closely ap- 
proximates ours is that of Rjirenkel.’** If our diagnosis of ostium 
primum is correct, it would imply an early genesis of the defect. 

The condition of the mitral valve varies from complete atresia”’ 
through stenosis with thickened edges-'’’ through a condition with 
tiny, but well-fonned, cus])s,”'’ to an e.ssent tally normal valve. In the 
minute valve (either atretic or stenotic), chordae may be present®’ ®®t’ 
or absent.” 

The aorta in this series most often shows atresia of the ostium, to- 
gether with hypoplasia from the root as far as the ai’ch, with coronary 
vessels arising just above the atresia, and so receiving blood in reverse 
doum the ascending aorta. There is variation, however, on all of these 
points. The ati-esia may be iiroduced by a clear membrane®® or by a 
membrane with the cusjis still indicated,®’ ’®’ ®® or there may be some 
distance between the blind root of the aorta and the ventricular cavity.^® 
In other cases®"!’ there is incomplete fusion of the cusps, re- 
sulting in the persistence of a small passage. Again, in Donnally’s®® 
ease, in spite of aortic and left-sided hypoplasia, there was only a nai’- 
rowing of the mitral and aortic valves. The latter were well formed, 
so that the coronaries might have I’cceived enough blood by the normal 
route. In two eases,®’ ” oidy one coronary artery, the left, was found. 
In two others^’ ®" the left coronary artery came from the pulmonary 
trunk. Gauss’® describes closure of the aorta for 2 cm., with a common 
coronary origin from the left ventricle. This was presumably not a case 
of ostial atresia. Ziegcnspeck®® also described obliteration of part of 
the ascending aorta by an organized thrombus, leaving a small chamber 
between this region and the atretic aortic ostium. He did not specify 
the origin of the coronaries which are figured. These variations of 
eoronary origin, however, are fcAv as compared with fifteen cases re- 
viewed in which the condition was essentially like that in ours. 

There are cases in this general series in which the ascending aorta 
was not extremely hypoplastic.’®’ ®"’ The two latter, however, were 
not cases of aortic atresia. Further, there are two cases of additional 

•Case 4. tCase 7. JCase 2. § Group 3, Case 12. 
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coarctation of tlie aorta at a Inglier level, i.e., of the isthmus^" and of 
the descending aortad° 

In general, the variations in tlie neck arteries which come from the 
aortic arch are matters of mere detail, and need not concern ns here, 
although Philpott,-® who says there are no anomalous vessels in this 
region, gives a sketch of vessels with most peculiar relationships. 

The pulmonary trunk is almost always enlarged ; it gives off normal 
branches to the lungs (also sometimes an anomalous coronarj*; prew- 
ously mentioned), and continues into a widely patent ductus arteriosus. 
Of the five cases in Avhieh the ductus was closed or inadequate, all were 
among children whose ages exceeded the average life span for the group, 
and far beyond in three,^®’ '®t i.e., thirteen months, two and one- 
half months, and forty days. In these three there was no aortic atresia, 
but Dudzus’ citations of JosP® and Pokitansky^® give no adequate ex- 
planation of the eompatilDility of an inadequate ductus with continued 
life. 

The relation of the pulmonary to the aortic trunk varies as to the 
degree of “ detorsion, but the exact orientation is hard to compare 
from one report to another, for, in these cases, it is difficult to find a 
common criterion for “ventral” or “left,” because both the morpho- 
logically dorsal and ventral surfaces may be brought to the anatomic 
left by lijqioplasia of the left atrium and ventricle. For instance, 
Wesson and Beaver,-^ in both text and figure, represent the puhnonaiy 
arteries as coming from the ventral side of the piilmonary-ductus trunk, 
and this seems improbable in the morphologic sense. Further, their text 
does not mention the reverse twist of the pulmonary artery and aorta, 
as sho'^vn in their Fig. 2, wliere the course of the aorta lies anterior to 
the pulmonaiy artery. Have they artificially tudsted these vessels 
through more than 180°? Again, Shapiro^^ shows a left pulmonary 
branch in surprising relation to the small aortic trunk. 

The condition of the endocardium and valves on the left side varies 
considerably, but the cases tend to fall into two main groups; those like 
ours, with smooth, unthiekened endocardium; and those with consider- 
able alteration. Some descriptions omit mention of the endocaidium, 
but, in this series, six case.s are definitely in the former group.^ In the 
latter group, the commonest condition is a white, fibrous thickening 
of the left ventricular endocardium,-^’ usually involving 
the mitral valve remnant, and sometimes the left atrial endocardium 
and the aortic A’alve. Lij^pincott-® speaks of hyaline fibrosis^ of the 
endocardium. Farber and Hubbard®”® and Monckeberg®^ describe yel- 
lo'wish, elastic fibrosis. Myocardial changes have less often been men- 
tioned, but in Farber and Hubbard’s®” first ease there was scarring, as 
well as fatty alteration and calcification. Roberts®® described left-sided 
myocardial atrophy and fibrosis, and Rukstinat®” described congestion 
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and small hemorrhages in the left ventricnlar myocardium. It should 
be stressed that although some of these conditions may affect the ascend- 
ing aorta as well, the right side of the heart is uniformly unaffected. 

Abbott''' separates the cases of antenatal aortic .stenosis (or atresia) 
which are caused by arrest of development from those of inflammatory 
origin, witli the stenosis limited to the valves and the ventricnlar septum 
uninvolvcd. In the cases here reviewed, however, both normal endo- 
cardium and filirosis were associated with cither defective or normal 
ventricular septa. Thus, even if fibrosis of the endocardium or valves 
were to be considered as evidence of previous inflan'unation, the above 
classification could not hold for all cases. Further, Abbott’s'- sug- 
gestion that the lesions arc frccpiently syphilitic is apparently un- 
founded. In none of tliesc cases were spirochetes demonstrated with 
metallic impregnation. Only in the case of j\Ionserrat'° was there a 
history of maternal .syphilis, and here no inflammatory process was de- 
tected in the heart. In the nine other cases"’ in which 
an investigation was mentioned, regardless of the methods used, positive 
evidence for syphilis was lacking. 

Although some of the above conditions may have been of inflamma- 
toiy origin, especially those involving tlie myocardium, it is doubtful 
whether mere endocardial filirosis or tliickening of the valves is a true 
indication. Gross, in discussing Baggenstoss’®" case, has emphasized 
the absence of critical histologic evidence, even w’hen sought, in most 
cases in which fetal endocarditis was assumed. For a fuller discussion 
of the problem, we refer the reader to the papers of Looser,-® Bellet and 
Goulej’-,-' and Farber and Hubbard.®'* 

The age at death in this group has a fairly smooth skew probability 
curve, -with the mode at three days. The eight cases which scatter from 
eighteen days to Hventy-one months, howmver, raise questions wdiich ean- 
not at present be answered. In two of these'®’ there -were a patent 
aortic valve, an inadequate ductus, and a common ventricle. It is diffi- 
cult to see how this structural pattern gives any functional advantage 
over that in the other cases, for in both the blood must have been 
completely mixed; unless, one might assume a special extension of 
SalDatier’s theory of functional segi’egation of the streams of blood, 
which has been so well proved for the normal fetal circulation bj'' the 
Barcroft scliooF® and others. Three cases®®’ ‘‘'f are too briefly described 
to indicate any reason for extended life, but there may have been some 
flow through the left ventricle. The same may be tme of the case of 
Farber and Hubbard.®'*! Two other eases®’ '® in -which death occurred 
at five weelcs and three months, respectively, do not seem to be essen- 
tially different from the major series functionally, except for slight 
aortic patency in the former. The hypothesis of Roberts®® that the 
length of life in these eases is proportional to the size of the interatrial 

’Case 7. tCases 2 and 3. JCase 2. 
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opening may be a fair generalization. The case of von Haain and Hart- 
\velp 2 opening 14 mm. in diameter and a survival 

period of twelve da 3 ^s. An outstanding recent exception was Wigles- 
worth ’s-2 case, with an opening only 2 mm. in diameter, but survival for 
eighteen da^’-s. It would seem, however, that with the characteristic 
pattern of complete stoppage of flow through the left ventricle, and com- 
plete mixing of blood in the right atrium, ventricle, and pulmonary 
trunk, even with adequate patencj- of the interatrial septum and the 
ductus, the expectation of life is not more than a week. Although 
d.vspnea and e.yanosis are characteristic, the.v are far from uniform from 
the time of birth. 

In brief, this morphologic complex ma^’- be associated with indirect 
evidence of earlj* inflammation, but more often is not. In the latter 
cases, at least, one should look for some earl^’' distortion of development. 
In our case we suspect that a misplacement of the interventricular 
septum, blocking the aortic ostium, was the primaiy defect. However, 
auA' influence which would check the flow through the mitral or aortic 
valves at an early enough stage might result in left-sided hypoplasia 
and atroply and fusion of the valve cusps on the left. Monckeberg^® 
formulated a h^'pothesis of as^’^mmetric formation of the truncus septum, 
resulting in a small aorta with reduced flow. But in almost all of these 
cases, when the rudiments of aortic cusps are visible, there is an even, 
triradiate pattern like that in the enlarged puhnonarj' valve. Even a 
“bicuspid” aortic valve® is caused ly fusion of two of the three cusps. 
Evidenth’’ the septum has generally subdivided the ostium equallj'’, and 
as.ymmeti\y developed later. 

The variation in pattern is considerable; all cases show some devia- 
tion in detail from the general picture, klonckeberg’® described the 
complex as cor pseudotriloculare, Avith rudimentaiy left Amntricle and 
atresia of the aortic ostium and mitral A^alve. Taa'o of his brieflj’’ de- 
scribed eases and tAAm others’^’ approach ours closelj’’ except foi an 
interventricular defect. OthenA'ise, one of Monckeberg s cases and otirs 
seem to stand as close to the general condition as aiy jmt described , 'wo 
Avould call this condition complete closure of the left ventricle by aortic 
and mitral atresia, AAdth left-sided and aortic lypoplasia, compensating 
interatrial and ductus patencies, and Avithout eAudence of earty in- 
flammation. 

SUMMARY 

A case of congenital mitral and aortic atresia, associated Avith KlP®' 
plasia of the left atrium and Amntricle and compensating patencies o 
the interatrial foramen and ductus arteriosus, is desei’ibed. The 
anomaly is attributed to a deA'^elopmental misplacement of the intei- 
A’^entrieular septum. No eAudenee Avas found to indicate an inflamma- 
tory cause for the defect. 



WALKER AKD KLIXCK : AORTIC ^VXD AIITKAL ATRESIA 


761 


REFERENCES 

1. Lutembacher, E.: Stenose mitrale et communication intorauriculairCj Arch. 

d. mal. du coeur 29: 229. 1936. 

2. Eoberts. J. T.: A Case of Congenital Pulmonary and Tricuspid Atresia, With 

Eight Ventricular Hj-poplasia, .1. Tech. ^Methods 17; 97, 3937. 

3. Taussig, H. B.: Two Cases of Congenital llalformation of the Heart Due to 

Defective Development of the Eight Ventricle. Clinical and Pathological 
Findings, .T. Tech. Alethods 16; 66. 1936. 

4. Abbott. IL E., and Dawson, W. T.; The Clinical Classification of Congenital 

Cardiac Disease With Eemarks Upon Its Pathological Anatomy, Diagnosis 
and Treatment, Internat. Clin. 4: 1.76, 1924. 

5. Favorite, G. O.: Cor Biatriatum Triloculare With Eudimentary Eight 

Ventricle, Hypoplasia of Transposed Aorta, and Patent Ductus Arteriosus, 
Terminating bv Eupture of Dilated Pulmonarv Arterv, Am. J. 11. Sc. 187: 
663, 193.5. 

6. Hills, E. S.: Cor Triloculare Biatriatum With Coarctation of the Aorta and 

Anomaly of the Coronary Arteries, .1. lied. Ees. 44; 257, 1923. 

7. Konstantinowitsch, W. von; Ein seltener Fall von Herzmissbildung (Cor 

biloculare, atresia ostii aortae), Prager med. Wchnschr. 31: 657, 1906. 

S. llclntosh, C.: Cor Biatriatum Triloculare, Am. Hew.t .J. 1: 735, 1926. 

9. lloore, C. U., and llenne, F. E.: Eeport of a Case of Congenital Anomaly of 
the Heart — Eeptilian. Heart 8: 297, 1921. 

10. Eukstinat, G. J.: Aortic Stenosis. Atro.sia and Adult Coarctation Associated 

With a Triloculate Heart, Arch. Path. 26: 102, 1938. 

11. Shapiro, P. F.; Truncus Solitarius Pulmonalis: A Eare T\ 7 )e of Congenital 

Cardiac Anomaly, Arch. Path. 10: 671, 1930. 

12. Sz\-pulski, J. T,; A Study of Congenital Heart Disease at the Philadelphia 

General Hospital, .1. Tech. Methods 17: 119, 1937. 

13. Monckeberg, J. G.; Die Missbildungen des Herzens (Aortenstenose und 

-atre.sie, pp. 122-12S). in Henke u. Lubarsch’ Handb. d. spez. path. Anat. 
u. Hist. 2: Herz u. Gefasse, Berlin, 1924, .Julius Springer. 

14. Dolgopol, V. B.: Cor Pseudotriloculare With Atresia of the Mitral and 

Aortic Ostia. J. Tech. Methods 13: 100. 1934. 

15. Monserrat, J. L.; Compleja y rara malformacidn congenita cardiaca. Corazdn 

trilocular biauricular, hipoplasia auricular izquierda; agenesia de la valvula 
mitral; atresia de la aorta, Pren.sa med. argent. 24: 1668, 1937. 

16. Dudzus, M.: Ueber “Cor Triloculare Biatriatum” mit Atresie des linken 

venosen Ostiums, Virchows Arch. f. path. Anat. 237: 32, 1922. 

17. Hastings, W. S.: A Case of Cor Biloculare With Atresia of the Aorta, J. 

Tech. Methods 12: 194. 1929. 

IS. Sprenkel, V.: Cor Biatriatum P«eudotriloeulare. Atresia of the Mitral and 
Aortic Valves, Hypoplasia of Aorta and Left Auricle, Patent Ductus 
Arteriosus and Foramen Ovale, Interventricular Septal Defect and Eudi- 
mentary Left Ventricle, .1. Tech. Methods 16: 79, 1936. 

19. Gauss. H.: Conuenital Obliteration of the Aorta. With Eeport of a Case, 

Am. .1. Dis. Child. 12; 606. 1916. 

20. Philpott. X.: Congenital Atresia of Aortic Eing, Ann. Int. Med. 2: 422, 3928. 

21. Wesson, H. E., and Beaver. D. C.: Congenital Atresia of the Aortic Orifice, 

Steno.'is of the Ascending Aorta, Patent Foramen Ovale, Persistent Ductus 
Arteriosus, Ventricular Septum Entire, and Eudimentarr Left Ventricle, 
.1. Tech. Methods 14: 86, 1935. 

22. Wiglesworth. F. W,: A Case of Congenital Aortic Atresia With Unusual 

H}-perplasia of Endocardial Elastic Tissue of the Left Auricle and Ventricle. 
J. Tech. Methods 15; 153. 1936. 

23. Donnally. H. H.: Congenital Mitral Steno.sis: Eeport of a Case of Develop- 

mental Mitral Stenosis Combined with Hj'poplasia of Left Ventricle and 
Loft Auricle; Eudimentarv Aorta and Other Developmental Defects, 
.1. A. M. A. 82; 1318, 1924.' 

24. Schrader, G.: Zwei Beitriige zu den Hcrzmissbildungen, Centralbl. f. allg. 

Path. u. path. Anat. 42: 5. 1928. 

-5. Lippincott, S.: Congenital Atresia of the Aortic Valve Without Septal Defect, 
Air. H£vf.t .1. 17: 502, 1939. 

26. Looser, A.: Ueber kongenitale Aortenstenose und fotale Endocarditis, 
1 irchows Arch. f. path. Anat. 219: 309, 1915. 



762 


AMERICAN HEART JOURNAL 


2i. Bellet, S., and Gouley, B. A.: Congenital B[eart Disease With Multiple Cardiac 
Anomalies. Report of a Case Sho-ning Aortic Atresia, Fibrous Scar in 
Myocardium and Embryonal Sinusoidal Remains, Am. J. M. Sc. 183: 458 


28. Spolverini, L. M., and Barbieri, D.: TJeber die angeborenen BGerzfehler. 

Anatomisch-pathologische Studie, Jahrb. f. Kinderh. 56: 472, 1902. 

29. Baggenstoss, A. H.: Congenital Aortic Atresia: Report of a Case, J. Tech. 

Methods 20: 62, 1940. 

30. Farber, S., and Hubbard, J.: Fetal Endomyocarditis: Intrauterine Infection 

as the Cause of Congenital Cardiac Anomalies, Am. J. M. Sc. 186: 705, 1933. 

31. WiUer, H., and Beck, L.: Congenital Stenosis of Aorta Ascendens With 

Atresia of Aortic Orifice: Two Cases, Ztschr. f. Kreislaufforsch. 24: 633, 
1932. Quoted by Roberts.ss 

32. von Haam, E., and Hartwell, R.: Atresia of the Aortic and Pulmonary Ostia: 

Report of Two Cases, J. Tech. Methods 19: 156, 1939. 

33. Roberts, XT.: A Case of Congenital Aortic Atresia With Hypoplasia of 

Ascending Aorta, Normal Origin of Coronary Arteries, Left A^entricular 
Hypoplasia and Alitral Stenosis, Air. Heart X 12: 448, 1936. 

34. Monckeberg: Verhandl. d. deutsch. path, gesellsch. 11: Dresden, 1907. Quoted 

by Loeser.ss 

35. Newms, G. H.: Pathological Specimens, Proe. Roy. Soc. Med. 31: 1129, 1938. 

36. Terplan, Kl, and Sanes, S.: The Incidence of Congenital Heart Lesions in 

Infancy, X Tech. Methods 15: 86, 1936. 

37. Dreyfuss, M.: Cardiac Anomalies of the Cyanotic Group. (1) Complete Trans- 

position of Arterial Trunks, (2) Cor Biventriculare Triloculare With Ori^n 
of Left Coronary From Pulmonary Artery, (3) Coarctation of Aorta 
(Infantile T\73e), X Tech. Methods 12: 187, 1929. 

38. Ziegenspeck, R.; Fehlen der aufsteigenden Aorta, fast vollstandiges Fehlen 

des Septum ventriculorum und des linken Ventrikels bei einem Neuge- 
borenen, welcher trotzdem fiber vier Tage gelebt hat. Arch. f. Gjmak. 32; 
111, ISSS. 

39. Jost: Zur Casuistik der angeborenen Fehler des Linken Herzens (Third 

Case), Inaug. Diss. Giessen, 1896. Quoted by Dudzus.is ^ ^ 

40. Rokitansky: Scheidewanddefekte des Herzens, Wien, 1875, S. 91. Quoted 

by Dudzus.io 

41. Abbott, M. E.: Congenital Cardiac Disease: in Osler-McCrae, Modem Aledi- 


42. 


43. 


in Nelson’s New Loose-Leaf 


cine 4; 612, 1927. 

Abbott, M. E.: Congenital Heart Disease: 

4 * 1932 

Barclay, A. E.,' Barcroft, Sir Joseph, Barron, D. H., and I^anklin, H. X: 
A Radiographic Demonstration of the Circulation Through the Heart m the 
Adult and in the Foetus, and the Identification of the Ductus Arteriosus, 

Brit. J. Radiol. 12: .505. 1939. , 

44. Field, C. E.; Congenital ^.litral Stenosis, Arch. Dis. Child. 13: 3/1, IJrfS. 



THE EFFECT OF OXYGEN ON THE ELECTROCAEDIOGRAIMS 
OF CYANOTIC PATIENTS 

John N. Edson, M.D. 

Brooklyn, N. Y. 

E XPERIi\IENTAJjIjY induced anoxemia is known to produce altera- 
tions in the RS-T so;?mcnts and T waves of the electrocardiograms 
of patients with coronary insufficiency It Avas believed that the ad- 
ministration of oxygon to patients vnth myocardial anoxia, caused 
either by coronary insufficiency or generalized anoxemia, might produce 
convei’se alterations of those deflections. Although superficial anoxia, 
as manifested by cyanosis, is not necessarily an index of myocardial 
anoxia, it seems reasonable to a.ssume that, when cardiac insufficiency 
or a recent coronary occlusion is the underlying cyano.sis-produeing 
factor, at least some degree of cardiac anoxia is present. Consequently, 
an investigation has been made of the effects of oxygen inhalation on 
the electrocardiograms of cyanotic patients. 

Forty-two cyanotic patients wliosc anoxia-producing factor was cardiac in- 
sufficiency, recent corotuiry occlusion, a pulmonary lesion, or a combination of llicse, 
and twenty noncyanotic controls, ten with heart disease and ten without, were 
chosen for this study. "With the development of cyanosis (usually on admission to 
the hospital), oxj’gen was administered by the nasal route at the rale of ten liters 
per minute for one-half hour. Electrocardiograms were recorded before, and at the 
end of, the period of inhalation. The oxygen was then discontinued when the 
patient’s condition permitted (eight patients were considered too critically ill to 
justify its discontinuation). Thirty minutes later a third control electrocardio- 
gram was taken; this served to prevent mistaking progressive alterations, especially 
those associated with recent coronary occlusion, for alterations produced by oxygen 
therapy. The position of the precordial electrode was carefully marked, so that it 
could be exactly replaced for recording succc.«sivo tracings. The limb electrodes 
were left in idacc. Tn this manner, alterations produced by varying the location 
of the electrode wore eliminated. 

After having compensated for the slight ditTerences in standardization, those 
tracings were compared, and only those alterations in the second electrocardiogram 
which disappeared in the third and measured 0.5 millimeter or more in amplitude 
were considered significant. 


OBSERVATIONS 

•Among the forty-lAvo cyanotic patients there were thirty-three men 
and nine Avomen. Their ages ranged from thirty-tAvo years to seventy- 
four years, and averaged fifty-six years. They Averc classified in four 
groups, according to the factor Avdiich produced the cyanosis; (1) those 
AAuth recent coronary occlusion, (2) those A\dth cardiac insufficiency Avith- 
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out recent coronary occlusion, (3) those with a pulmonaiy cyanosis- 
producing lesion, and (4) those with both cardiac insufficiency and a 
pulmonary lesion. Their electrocardiograms varied considerably in con- 
figuiation. Six patients had normal tracings; twenty had electrocardio- 
p’ams with evidence of varying degrees of myocardial disease, indefinite 
in chaiactei , eight had the electrocardiographic pattern of recent myo- 
cardial infarction; and six had bundle branch block. 
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Fig-. 1. — Case 42. Electrocardiograms showing the configuration indicative of pos 
terior wall infarction, recorded (a) before oxygen administration, (oj alter one-nai 
hour of oxygen inhalation, and (c) one-half hour after oxygen therapy had oeen ais- 
continued. Significant alterations are found in Leads II, III. and IVF. 

The observations which were made on the electrocardiogTams of these 
forty -two patients follow : 

1. Alterations were noted in the tracings of twenty-nine patients. 

2. These changes were limited to elevation or depression of the RS-T 
segments and the T waves. 

3. The greatest alterations appeared in the T waves, particularly those 
of Lead IVF. 

4. The greatest RS-T segment deviation measured 1.5 millimeters, 
whereas the greatest T-wave change measured 4.0 millimeters. 
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5. These alterations varied in direction and extent and did not 
necessarily, as one might expect, show a reversion toward normal, even 
in those electrocardiograms with a configuration diagnostic of myo- 
cardial infarction. 



« he 

Electrocardiograms with the conaguration of left bundle branch 
inh 1 before oxygen administration, (b) after one-half hour of oxygen 

Tio ‘ one-half hour after oxygen therapy had been discontinued. Sia- 

niflcant altoration.s are found in Lead IVP. 

6. RS-T segment alterations were found in the tracings of thirteen 
patients, and five of these had changes in more tlian one lead. Three- 
fourths of the alterations were directed toward the isoelectric line, and 
one-fourth away from it. 
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Table I 

The Effect of Oxygen on the Electrocardiograms op 
Cyanotic Patients 


NO. 

AGE 

CLINICAL DIAGNOSIS 

ekg 

DIAGNOSIS 

DEGREE 

OP 

CYANOSIS 

RELIEF 

OF 

CYANOSIS 

RHYTHM 

1 

SIGNIF- 

ICANT 

ALTERA- 

TIONS 

■ 

69 

Coronary occlusion 
Diabetes mellitus 

'Myocardial 

infarction 

Sliglit 

Improved 

ESE 

! 

+ 

2 

57 

Coronary occlusion 
HjTiertensive card. — 
vas. dis. 

Myocardial 

infarction 

Slight 

1 

Eelieved 

1 

i 

RSR 

+ . 

B 

47 

Coronary occlusion 
Hypertensive card. — 
vas. dis. 

Cardiac insufficiency 

Myocardial 

infarction 

Moderate 

1 

Improved 

! 

RSR 

+ 

4 

60 

Coronary occlusion 
Diabetes mellitus 

Afj'ocardial 

infarction 

Slight 

Relieved 

RSR 

+ 

5 

48 

Rheumatic heart dis- 
ease 

Cardiac insufficiency 

Vent, myo-' 
card. dis. 

! 

Slight 

Relieved 

RSR 

0 

6 

1 57 

Rheumatic heart dis- 
ease 

Cardiac insufficiency 
Pulmonary infarction 

Vent, myo- 
card. dis. 

Marked 

Improved 

1 

AP 

1 


■ 

32 

Lobar Pneumonia) 

Acute pericarditis 

Vent, myo- 
card. dis. 

Moderate 

Improved 

RSR 

1 

+ 

8 

60 

1 

1 

Coronary occlusion 

Myocardial 
infarction ■ 

Sliglit 

Relieved 

RSR 

+. 

9 

1 

61 

Bronchopneumonia 
Diabetes mellitus 

Vent, myo- 
card. dis.* 

Marked 

Believed 

RSR 

0 

10 

60 

Hypertensive card. — 
vas. dis. 

Cardiac insufficiency 
Diabetes mellitus 

Left bundle 
branch 
block 

Marked 

Improved 

RSR 

+ 

11 

62 

Coronary occlusion 
Hypertensive card. — 
vas. dis. 

Ho abnor- 
malities 

Moderate 



•f 

12 

57 

Rheumatic heart dis- 
ease 

Cardiac insufficiency 

Vent, myo- 
card. dis. 

Marked 

Improved 

1 

RSR 


13 

54 

Coronary occlusion 

Mj’ocardial 
infarction , 

Slight 

Relieved 

RSR 

+ 

14 

73 

Br onch opneumonia 

Vent, myo- 
card. dis.* 


1 Relieved 

RSR 

0 

15 

45 

Atelectasis 

Carcinoma of lung 

Vent, myo-; 
card, dis.* 

Marked | 

1 

Improved 

1 

RSR 1 

-f- 

16 

49 

Hypertensive card. — 
vas. dis. 

Cardiac insufficiency 
Bronchopneumonia 
Bronchial asthma 

Vent, myo- 
card. dis. 

Marked 

Improved 

RSR 

+ 

17 

57 

Lobar pneumonia . 
Empyema 

Hypertensive card. — 
vas. dis. 

Left bundle 
branch 
block 

Marked 

Relieved 

RSR 



■’ji. Clinical uiagnosis oi neari aiscase nas noi. oeeii iiiauc m , 

finding- of electrocardiographic abnormalities, because these abnormalities ^re s g ■ 
they "were present in older individuals, in -whom myocardial fibrosis is common, 
they were not associated with any other clinical evidence of heart disease. 
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Table I — Goxt’b 


NO. 

AGE 

CLINICAL BIAGNOSIS 

EKG 

DIAGNOSIS 

DECnEE 

OP 

CYANOSIS 

RELIEF 

OF 

CYANOSIS 

anYTHM 

SIGNIF- 

ICANT 

ALTERA- 

TIONS 

m 

74 

i 

Arteriosclerotic heart 
(li.s. 

Hypertensive card. — 
vas. dis. 

Cardiac insufficiency 

Left bundle 
branch 
block 

Moderate 

Improved 

RSR 

■t 

37 

55 

Arteriosclerotic heart 
dis. 

Hypertensive card. — 
ras. dis. 

Cardiac insufficiency 

Vent, myo- 
card. dis. 

Jloderate 

Improved 

i 

Aur. 

Elut. 

1 

1 

+ 

38 

o4 

i 

Thrombosis of heart 
Bronchopneumonia 

Vent, myo- 
card. dis. 

Marked 

Relieved : 

RSR. 

+ 

39 

1 69 

Bronchial asthma 
Emphysema 

Cor. pulmonale 

Cardiac insufficiency 

No abnor- 
malities 

Marked 

Improved 

RSR 

•f 

40 

69 

Syphilitic heart disease 
Brochopneumonia 
Cardiac insufficiency 

Left bundle 
branch 
block 

1 Moderate 

Relieved 

RSR 

4 

41 

54 

Coronary occlusion 

Vent, myo- 
card. dis. 

Marked 

! 

Relieved 

RSR 

4 



Coronarj' occlusion 

llyocardial 

infarction 



RSR 

4 


7. T-wave alterations were noted in tlie tracings of twenty-six pa- 
tients, and ten of tliese had changes in more than one lead. One-half 
of these alterations represented an increase in positivity or a decrease in 
negativity, whereas the other half showed a decrease in positivity or 
an increase in negativity. 

8. Alterations were found in the tracings of all of the fourteen 
patients with recent coronary occlusion.’^ Fourteen RS-T segment 
alterations were found in seven cases (five had alterations in more than 
one lead) ; the gi’eatest change in amplitude was 1.5 millimeters, and the 
average was 0.7 millimeter. Twenty-one T-wavc changes were present in 
twelve cases (five had changes in more than one lead) ; the greatest 
alteration in amplitude measured 3.0 millimeters, and the average was 
1.1 millimeters. 

9. Alterations were found in the tracings of five of the tweh^e patimte 
with cardiac insufficiency without recent coronaiy occlusion. R 
segment alterations in one lead were found in two cases; one measuie 
1.5 millimeters in amplitude, and the other, 0.5 millimeter. T-wave 
alterations in one lead were present in four cases; the greatest measuie 
4.0 millimeters in amplitude, and the average was 1.5 millimeters. 

10. Alterations wmre found in the tracings of three of ^ the 
patients whose cyanosis-producing factor was a pulmonary lesion. 0 y 


*The admission electrocardiograms (used in ^is studj ) of six ^these.^^^ 

■were not diagnostic of myocardial mfarctmn, but serial -tracing^ S coronarj' 

clinical and laboratorj- data, proved to be convincing evidence of recenr cu.u 

occlusion. 
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one ES-T segment change Avas present in tliis group ; it measured 0.5 
millimeter in amplitude. Six T-AvaAm alterations Avere present in three 
cases (tAVO patients had changes in more than one lead) ; the greatest 
measured 1.0 millimeter in amplitude, and the average Avas 0.6 milli- 
meter. 

11. Alterations Avere found in the tracings of seven of the eight 
patients AAdiose cyanosis Avas produced by a combination of cardiac 
insufficiency and a pulmonary lesion. ES-T segment alterations in one 
lead AA’-ere found in tAvo cases ; one measured 1.0 millimeter in amplitude, 
and the other, 0.5 millimeter. TAvehm T-Avave alterations Avere present 
in seven cases (three patients had changes in more than one lead) ; the 
greatest measured 2.7 millimeters in amplitude, and the aAmrage AAms 

0.9 millimeter. 

12. There AA^as no correlation either hetAveen the degree of cjmnosis 
and the number or degree of the electrocardiographic changes, or be- 
tAA^een the extent of the clearing of cyanosis produced by oxygen and 
these alterations. 

13. There Avere alterations in all of the six cases in AAdiieh the 
electrocardiograms conformed to the pattern of bundle branch block. 

14. No alterations Avere oliserved in any ES-T segment AAdiose take- 
off AAms isoelectric. 

15. The presence or absence of electrocardiographic modifications 
bore no apparent relation to prognosis. 

The none 3 '’anotie controls, composed of sixteen men and four -women, 
ranged in age from tAventy-nine years to sixty-eight years ; the average 
Avas 44.7 years. They Avere divided into tAvo groups, those Avith clinical 
and laboratory evidence of compensated heart disease, and those Avithout 
any evidence of cardiac abnormalities. The electrocardiograms of the 
compensated cardiacs shoAved evidence of mjmcardial damage in all but 
one case, Avhereas the tracings of the patients Avithout heart disease Avere 
all normal. 

The electrocardiograms taken on the noncyanotic controls revealed: 

1. No alterations in the tracings of the ten compensated cardiac 
patients. 

2. An elevation of the T AvaAm in three of the ten patients AAuth no 
evidence of heart disease, and an eleAmtion of the ES-T segment in 
one of these three. 

3. No relation betAveen the age of the patient and the changes pro- 
duced in either the cyanotic or the noncyanotic group. 

DISCUSSION 

Prom these observations it becomes apparent that inhalation of 
oxygen altered the cardiac physiology of 69 per cent of these cyanotic 
patients in such a manner and to such an extent as to be demonstrable 
m serial electi’oeardiograms. Among the noncyanotic controls, hoAvever, 
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sucli modifications were present in only 15 per cent of the cases. That 
these alterations were not proportional to the degree of cyanosis or to 
the extent of its improvement with oxygen therapy is imderstandablc, 
for it is Imown that there is no constant relationship between peripheral 
and coronary anoxemia. 

It is notable that frequent varying alterations, in either a positive 
or a negative direction, were found in abnormal electrocardiograms, 
whereas only a few changes, all in the direction of increased positivity, 
were found in normal tracings. This observation suggests that the 
production, bj^ oxygen, of physiologic changes in the myocardium suf- 
ficient to alter the electrocardiogram depends largely upon the presence 
and the extent of myocardial daanage. The fact that electrocardiographic 
modifications were observed in eveiy case of recent coronary occlusion 
and in every case of bundle branch block offers further support to 
such an hypothesis. 

It was observed that the alterations produced by inhaling oxygen 
frequently did not show the expected reversion toward normal, par- 
ticularly in the cases of recent coronary occlusion. Thus, depression of 
ail RS-T segment or an increase in the negativitj^ of a T wave, ordinarily 
indicative of myocardial disease or toxicity, may also be produced by 
the therapeutic agent, oxygen. The explanation for this unexpected, 
as well as the expected, response to the inhalation of oxA^gen may possi- 
bly be found in the vaiying degree of oxygenation of normal as com- 
pared Avith damaged myocardium. On the one hand, an increase in 
oxygenation may be greater in noi'inal areas than in abnormal areas 
of the myocardium. Such a combination of cii’cumstanees Avonid ac- 
centuate the abnormalities of the electrocardiogram, for it AAmuld in- 
crease already existing differences. An inverted T AAmve, for example, 
would he further depressed. On the other hand, tlie increase in oxy- 
genation maj'' be greater in damaged areas than in normal areas of the 
myocardium. In this case the electrocardiographic abnormalities avou 
be decreased, and thus an iiiAmrted T AvaAm Avould tend to right itse 
The main factor governing the degree of oxygenation of noima as 
compared to damaged myocardhmr is the pateuej^ of the coionarj 
arteries. 

This study, therefore, offers further evidence in proof of the hypothe- 
sis that changes in the degree of oxygenation of the myocaidinm ten 
to produce alterations in the electrocardiogram, and that these a teia^ 
tions are confined to the RS-T segments and the T Avaves in a oiu 
leads; and it further points out that the effect of oxygen on the anoxia 
of a diseased heart is not expressed in the electrocardiogram by aiiy 
set pattern, but rather by a variety of patterns Avhieli probably depena 
largely upon the state of health and oxygenation of the individua 
muscle bundles of the myocardium. 



edson: effect Of oxygen on cyanotic patients 


773 


SUMMARY 

1. Observations were made on the effect of oxygen therapy on the 
electrocardiograms of forty-two patients whose cyanosis-producing fac- 
tor was cardiac insufficiency, recent eoronaiy occlusion, a puhnonary 
lesion, or a combination of these, and twenty noneyanotic controls, ten 
with compensated heart disease and ten without heart disease. 

2. Alterations were noted in the electrocardiograms of twenty-nine 
(69 per cent) cyanotic patients and in only three (15 per cent) of 
those of noneyanotic controls. 

'3! The alterations were confined to the RS-T segments and the T 
waA^es. 

4. In abnormal tracings tlie changes were expressed by either an in- 
crease or a decrease in positivity or negativity of the deflections, 
whereas in normal tracings they wore manifested only by an increase 
in positivity. 

5. Alterations Avere noted in all fourteen cases of recent eoronaiy 
occlusion and in all six cases of bundle branch block. 

6. This study offers support to the hypothesis that changes in the 
degree of oxygenation of the myocardium tend to produce alterations 
in the electrocardiogram. 

7. It further points out that the lack of uniformity of alterations in 
abnormal electrocardiograms is probably due to the vaiying state of 
health and oxygenation of the individual muscle bundles of the myo- 
cardium. 

The author wishes to express his appreciation to Dr. Tasker HoAA-ard, Professor 
of Medicine, for his guidance and helpful criticism, and to Mrs. Frances Edson for 
her technical assistance. 
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THE USE OF HEPARIN FOR THE COMPLICATIONS WHICH 
FOLLOW SCLEROSING- OP VARICOSE VEINS BY 
MASSIVE INJECTION 


Samuel H. Sedmutz, M.D. 

Youngstown, Ohio 

I N 1938, a surgical procedure for sclerosing varicose veins by the mas- 
sive injection of one dose of sodium ricinoleate was presented.^ This 
proeedure proved to be extremely efficient. We have found that the 
process is attended by one undesirable side reaction, namely, post- 
operative edema which lasts for a period of three to five weeks in 10 
to 12 per cent of eases. This occurred in spite of every precaution to 
ascertain the preoperative condition of the deep venous circulation.’^ 

In our earlier experiences, we attempted to combat this undesiiable 
postoperative complication by mecboljd iontophoresis, plus prostigniin 
by subcutaneous injection, whirlpool baths, the oscillating bed 
intermittent venous compression, and bandaging. Amelioiation o 
symptoms was always obtained, but the treatment took too^ long. ^ n 
spite of early institution of treatment, the symptoms grew m seventy 
for two or tiiree days before there was evidence of improvement. 

In attempting to evaluate the mechanism responsible for tus ® 
after the massive injection of sclerosing material, we found that t le 
thrombosis which occurred at the site of the induced c lemica P ^ a ^ 
had a tendency to extend beyond the field in whic i uom osis 
desired, i.e., to the communicating veins and even tie eep , 

spite of the fact that only superficial veins weie mj^^ e . 
chemical thrombosis and phlebitis are desirable m oi ei o.„ga,tly 
tbe varicose veins, prevention of the extending tuom osis n & 

enhance the value of the operation. ^ onnti'nllino- the 

It occurred to us, therefore, that a simple method 

extent of thrombosis would be to use heparin. ^ / occurs within 

clinical observations we know that simp e examine veins 

twelve hours. Recently, an opportunity was a ^ injection 

which had been sclerosed by this 

(the patient was accidentally killed) . M e toun ^^1^^ U 

vein was sclerosed almost to the ankle v showed 

tion, the communicating branches above and e adherent 

some phlebitis (chemical), and a smaU amount of clot was 

Peripheral Vascular Clinic, Youngstown Hospital Association. 

Received for publication April 30, 1942. been used to 

phlebitis. This procedure in aetaii win 
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to the intima but was not completely sclerosing the vessel. The throm- 
bosis obviously was extending. The next day our examination probably 
would have suggested the advisability of using heparin. In view of the 
fact that the clotting which follows cliemical phlebitis' in the treatment 
of varicose veins is desirable, heparinization was not instituted until 
twenty-four liours after injection of the sclerosing material. It is 
important to remember that heparin does not dissolve a thrombus but 
prevents further clotting and extension of the thrombosis. 

PROCEDURE 

Immediately after operation and injection, the legs are wrapped in 
elastic bandages from the toes to the Iniee, and the patient walks fi’om 
the operating room, cither to his room in the hospital or to the ear or 
bus taking him home. During the next ten to twelve hour.s he is in- 
.striicted to walk for ten minutes every hour until retiring. During 
this period, treatment of pain consists of local cold compresses Avith or 
without witch hazel and analgesics. 

The following day the patient reports for examination, and certain 
facts regarding the status of the venous circulation are ascertained. 
j\Ieasurements of the legs are compared with preoperative measurements. 
Heparin therapy, plus the usual regimen, is instituted if the following 
indications are present: (1) marked swelling of the entire injected leg, 
Avith an increase in circumference of one-half inch at the ankle, one inch 
at the calf, and tAvo inches at midthigh ; (2) tenderness and discolora- 
tion of the skin oA'cr and about the veins; (3) sharp, cramp-like pains 
along A’eins radiating to the inguinal and loAA'cr abdominal regions; (4) 
impaired circulatory function in the leg, as shoA\m by tests (Oschner- 
i\Iahorer-oscillometric, circulation time, venous pressure, increase in 
sedimentation time, and leueoeytosis). 

Heparin is giA^en in doses of 10,000 units intravenously every four 
hours. It is not given by continuous infusion because the patient is 
confined in an oscillating bed. The clotting time is taken before each 
injection, and Avhen it reaches ten to tAvelve minutes the heparin treat- 
ment is discontinued, but the u.sual treatment AA'hich is required for 
tAAU or three days after ec.ssation of pain to relicA^e the edema is not 
discontinued. 

RESULTS 

Fourteen patients AA'cre treated Avith heparin, in addition to the usual 
treatment. Pain Avas relieved in most cases four hours after the first 
injection of heparin, and never later than after the second injection 
(eight hours). LikcAAnse, there AAms no CAddence of increasing circulatoiy 
embarrassment after the second injection. The undesirable postopera- 
tive sequelae in all cases disappeared at the most in fiAm days, and the 
patients left the hospital. This is a A'ast improvement over the results 
m tAA^enty-nine cases Avith the usual routine before heparin aa^s added 
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to the treatment. 'Without heparin, the symptoms increased in severity, 
regardless of treatment, for two or three days. Hospitalization for two 
to three weeks was necessary, and the treatment was continued there- 
after for Hvo or three weeks at the clinic before complete recovery was 
accomplished. 

CONCLUSION • 

We feel that the addition of heparin to our usual regimen of treat- 
ment of the complications wliich follow sclerosing of varicose vehis hy 
massive iniection has improved the value of the procedure because it 
reduces the postoperative disability, pain, and extensive destruction of 
the venous circulation. 
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THE ELECTROCARDIOGRAM AFTER STANDARD EXERCISE 
AS A FUNCTIONAL TEST OF THE HEART 


Arthur jM. jMastrr,* jM.D., Rudolph Frirdjian, M.D., and 
SuroH Back,! M.D. 

New York, N. Y. 

A n OBJECTIVE test of eavdiac function is of importance in dis- 
tin^nisliini? functional fi'om ori?anie lieart disease. It is useful in 
diagnosis and is lielpful in studying the progress of disease and the 
degree of pliysieal disability. It i.s of particular value when other ex- 
aminations of the hcai't are negative, i.e., physical examination, electro- 
cardiogram, fluoroscop}', exercise tolerance test, etc. 

The test to he described in this report consists of recording an electro- 
cardiogram after a definite amount of work, standardized for the pa- 
tient’s age, sox, and weight.’"* It is essential to utilize a standard 
amount of work; for even liealthy persons, if they exei-eise to excess, may 
have abnormal eloetrocardiographie rc-sponsos.-"’'’" It is therefore im- 
portant that the exertion to which the ])atienl is subjected will not pro- 
duce abnoianal clectroeardiograjdiie changes in any liealthy person. This 
has been verified for the standard two-step tost. In addition to record- 
ing the electrocardiogram after the Lvo-stop test, the patient’s exercise 
tolerance can bo measured in the ordinary way, that is, by obtaining 
blood pre.ssure and pulse rate i-eadings before and after exercise.’- - 

PROCEDURE AND MATERIAL 

T!ie number of elinil)s on tlie stops which the patient performs is obtained from 
previously prepared tables^ based on sex, age, and weight (Tables I and II). Two 
step.s, each nine inciies liigh, totaling cigliteen inches, arc climbed a prescribed number 
of tinic.s by the patient in exactly one and one-half minutes. An clect 2 'Ocardiogram 
is taken immediately on cc.ssation of the exercise and repeated three minutes and 
then eight minutes later, and tlic.^e tracings arc compared with the control tracing, 
made be:^c commencing the trips on the steps. In actual performance, the 
eleetrodds arc strapped on the patient’s nrm, left leg, and preeordium (Fig. 1). 

often have tiio patient make double the number of trips when the standard 
exercise gives a negative test. That is, an hour later, or the next day, the test is 
repeated with twice the number of ascents in exactly throe minutes. In otlier words, 
the same rate of work is continued, d^ut twice the amount is performed. AYe have 
ascertained that the doubled two-.step exerci.se does not result in significant olectro- 
cardiogi'apliic changes in healthy persons. Work beyond this, either by quickening 
the rate of climb or prolonging tlic period, may produce electrocardiogi-aphic altera- 
tions in normal pooplc.s-w 

An abnormal response in tl)o electrocardiogram is considered to be depression of 
the ES-T segment of more than 0.5 mm. below the isoelectric line or an alteration 

From the Carcliographic Laborator 3 ', Tlio Mount Sinai Hospital, New York. 
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Table I 


Standard Number op Ascents for Males* 
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Table III " 

Incidence of Significant Electrocardiogeai^hic Changes After Exercise 


AMOUNT OF exercise 



STANDARD TWO- , 
STEP TEST 

DOUBLE STANDARD 
TWO-STEP TEST 

1 

No. 

% Positive 

No. 

% Positive 

1. Normal adults over 40 years of age 

65 

0 

34 

0 

2. Patients witli angina pectoris and nor- 
mal control E.C.G. 

54 

10 (19%) 

41 

16 (39%) 

3. Patients with angina pectoris and ab- 
normal control E.C.G. 

29 

15 (52%) 

15 

10 (67%) 

4. Patients with previous coronary occlusion 
and normal control E.C.G. 

10 

0 

■ 

1 (14%) 

5. Patients with previous coronary occlu- 
sion and abnormal control E.C.G. 

43 

20 (47%) 

H 

7 (47%) 



Eig-. 1. — Photograph illustrating technique of standard two-step test. 


to the test. In ascertaining the level of the KS-T segment, the P-R segment is consid- 
ered the isoelectric level. In this report vre present the results of performing the 
tests on 65 normal adults over forty years of age, 83 patients with angina pectoris 
caused by coronary artery disease, 54 of whom had a normal control electrocardio- 
gram, and 53 patients with previous coronary occlusion, 10 of whom had a normal 
control electrocardiogram (Table III). 


RESULTS 

Group 1, Normal Adults. — Sixty-five normal subjects, comprising 58 
males and 7 females from forty to sixty-eiglxt years of age, were chosen 
as controls. They were considered normal in that they appeared healthy. 
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was a negative response in the eleetroeardiogram (Table III). In not 
a single case of onr normal series were there changes similar to those 
observed in the other groups. A negative test is illustrated in Fig. 2, in 
Avhieh are.shovm the electrocardiograms after a double two-step test (42 
trips) on a healthy physician (L. H.), 47 years of age. 

Group 2, Angina Pectoris With Normal Electrocardiogram. — This 
group consisted of 54 patients with angina pectoris Avhose electrocardio- 
grams Avere normal. After the standard tAVO-step tost, 19 per cent de- 
veloped significant electrocardiographic changes, and, after the double 
tAAm-step test, this rose to 39 per cent (Table III). Tavo illustrative cases 
are presented. 


immediately 5 minutes 

Control after exercise after exercise 



Pig. 3.* — Case l'(M. K.). A man of .'>7. suffering from angina pectoris. The control 
electrocardiogram is normal. After the standard two-step test (20 trips in 1% 
minutes) there is transient depression of the RS-T segment in all leads, particularly 
Leads I and II. 

Case 1 (Fig. 3). — This patient (M. K.), a man, 57 years old, was first seen 
December 15, 1939, because of pressure in the chest and both arms which was unrelieved 
by nitroglj’cerine. The patient tveighed about 128 pounds. The heart beat was 
regular and the rate was 76 per minute; the heart sounds were of good quality 
and no murmurs were heard. The teleoroentgenograra revealed that the heart and 
aorta were normal in size, shape, and position. Fluoroscopic examination disclosed 
good cardiac contractions. The electrocardiogram was entirelj’- normal. The pa- 
tient had been operated upon for a gastric ulcer in 1930, and an exploratory op- 
eration had been performed in 1937 in a search for gastric or intestinal abnor- 

‘AA'^e thank the Journal of the Mount Sinai Hospital (7; 629, 1941) for permission 
to reproduce this illustration. 
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test, however, showed that the blood pressure and pulse rate failed to return to 
normal after the standard two-step exercise. Electrocardiograms after standard 
and double standard exercise were also definitely abnormal, in that they showed 
distinct depression of the ES-T segments (Fig. 3). The diagnosis of angina pec- 
toris caused by coronary sclerosis was therefore made, and the patient was discharged 
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Case 2. — Fig. 4A shows the electrocardiograms of a Gl-year-old man (J. G.) who, 
because of angina pectoris on effort for the preceding eleven years, had been forced 
to stop work. The heart sounds were distant and the aorta tortuous, dense, and 
calcified. However, the size of the heart was normal and the cardiac pulsations were 
of good amplitude. The electrocardiogram was essentially negative, except perhaps 
for the presence of a small Q,. Imniediatclj' after 21 climbs in one and one-half 
minutes (Fig. iA), ES-T, was lowered from an elevation of 1 mm. above the iso- 
electric line in the control record to a depression of 1 mm. below. Three minutes 
later T„ became flat; eight minutes after the exercise the electrocardiogram had re- 
turned to normal. When the test was repeated with double the number of trips, 
i.e., 42 trips in three minutes (Fig. 42>), the changes in the electrocardiogram were 
much more marked. The ES-T segment in both Leads II and III were depressed, 
and Tj was inverted immediatel}' after exercise. Three minutes later T, was slightly 
inverted and T„ flat, but the ES-T abnormalities had disappeared. Eight minutes 
later the electrocardiogram was again entirely normal. In this case also, therefore, 
the abnormal electrocardiographic re.sponsc to .standard exercise correlated well with 
the history that the patient was ill and incapacitated. This case also revealed that 
double the amount of exertion produces more marked electrocardiographic changes 
than the standard two-step test. 

Group 3, Angina Pectoris and Abnormal Electrocardiogram. — Of the 
26 patients with angina pectoris whose control electrocardiograms were 
abnormal, elianges were olisorved in 50 per cent after the standard num- 
ber of climbs and in two-thirds after double the standard number of trips 
(Table III). The test in this group was therefore positive more fre- 
quently than among tlic patients of Group 2, who had normal control 
electrocardiograms. 

Case 3. — Fig. 5 shows the electrocardiograms of a man (M. P.), C2 years of age, 
who was sulfering from angina pectoris caused by coronary disease. The pain often 
occurred at rest, as well as on effort, and was sufficiently severe to prevent work. 
A mild, transient hj-pertension, slight left ventricular enlargement, and distant heart 
sounds were the important points in the clinical examination. The electrocardiogram 
was somewhat abnormal, i.e., QES measured 0.10 to 0.11 second, T. was small, and 
T, was inverted. Significant transient abnormalities appeared after exercise. After 
the double two-step test, i.e., 34 ascents in three minutes, the ES-T segment in Leads 
I and II became depressed at least 1 mm. below the isoelectric level, and T^ became 
smaller. Three minutes after the exercise, T^ was flat. Here again the abnormality 
in the electrocardiogram after the exercise correlates well with the known clinical 
facts, i.e., severe subjective symptoms with an onlj’ slightly abnormal control electro- 
cardiogram. 

Groups 4 and 5, Previous Coronary Occlusion. — The 53 patients who 
had had acute coronary artery occlusion previously Avere also divided 
into two groups : 10 Avhose electrocardiograms after the attack had be- 
come normal, and 43 vdiose tracings remained abnormal. In the first 
group, Avhose cardiac function was better, there Avere no positive results 
with the standard tAvo-step test, and only one patient gave an abnormal 
response after the double exertion (Table III). Of the second, larger 
group Avith abnormal electrocardiograms, almost one-half shoAved a posi- 
tive response to the standard and double tAvo-step exercise. Thus, in this 
group, also, the electrocardiogimm after exercise correlates Avith the pa- 
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tient's cardiac function; tiie changes are more pronounced when function 
is loiown to lie poor. In the following cases the electrocardiogram re- 
turned to normal after coronary occlusion. 

Case 4.— In the first ease, that of a man of 40 (F. C., Fig. 6), even a double two- 
step test produced no significant changes in the electrocardiogram. Tliis was not un- 
expected, for, although the patient had had acute myocardial infarction in 1936 
(five years earlier), he had made a complete recovery; he was entirely asymptomatic 
and the cardiac function was normal as judged clinically and by laboratory study. 
He W’as working full time at his old occupation as a salesman without any difficulty 
at all. The size of the heart, heart sounds, electrocardiogram, cardiac pulsations, 
and exercise tolerance test were entirely normal. No evidence of coronary in- 
sufficiency could be elicited, even b}' the double two-step test. 

Case 5. — Fig. 7 shows the result of the test on a 53-year-old man (P. G.) who 
had had acute coronary occlusion seven years before. He was a large, hyposensitive 
man, a doorman who could not work because of pain on effort;: Although the electro- 
cardiogram had returned to normal, other clinical signs of coronary insufficiency per- 
sisted. The exercise tolerance tost (blood pressure and pulse rate reactions) was be- 
low average, and pain in the chest occurred during the test. Clinically he was con- 
sidered an ill man, in spite of the normal electrocardiogram. After the double two- 
step exercise, the electrocardiogram became definitely abnormal; semi-inversion of T, 
and T, appeared. This case also demonstrates the correlation of the test with the 
patient's history. 


CORRELATION OF EI.,ECTROCARDIOGRAM W’lTH BLOOD PRESSURE AND PULSE 

RATE AFTER EXERCISE 

The cases reported above have given evidence that the character of the 
electrocardiogram after standard exercise is a good measure of cardiac 
function. Furtlier evidence is obtained by comparing' the results of this 
test with those of the ordinary exercise tolerance test. These are pie- 
sented in Talile lY. Tlie exercise tolerance in the normal control gioup 
and in the eases of angina pectoris was ascertained by the blood pressure 
and pulse rate reaction to the standard two-stej) exertion. Repeated 
blood pressure and pulse rate readings were recorded until basal leve s 
were attained." Then the patient made the numbei of tii ps lequire 
for his age and weight in exactly a minute and a half. itiin no 


Table IV 


Correlation op Cardiac Function, as Ascertained ^ 

Bate Response to Two-Step Test, With Electrocardiographic 
Response to Standard Exercise ' 



Cardiac 

Function 

standard j 

TWO-STEP TEST 

double standard 
two-step test 

Group 

No. of 
Cases 

■ % • 

Positive 

No. of , 
Cases 

% 

Positive 

1. Normal adults 

2. Anginal pectoris with normal 
control E.C.G. 

3. Angina pectoris with abnormal 
control E.C.G. 

Good 

Poor 

Good 

Poor 

Good 

Poor 

65 

0 ! 

25 

27 

4 

21 

0 

0 

12 

19 

25 

62 

30 1 

0 

■ 18 
,■ IS 

3 

10 

u 

0 

22 

44 

33 

90 
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niiiuiti's after eessation of the exereise, the blootl pressure and pulse I’ale 
should rclurn 1o within ten jioinls of llie i-estinfr (basal) fi'iurcs. Other- 
wise, the exereisi! tolerance was considered jioor or below averafre." It is 
necessary to have the patient always tuiai toward the examiner at the 
Iieginniiiir of a reaseeiit. (This meant always lurnin»: in a ditferent 
direction, so that dizziness and the resultin': ehanpes in blood pressure 
were ])revented.) 

In the healthy controls (Oroup 1). the exereise tolerance was uni- 
foriidy ^:ood and the elect rocardio<:rams always remained normal 
(Table IV). In the angina jn-ctoris pfrou)) with normal control eleetro- 
eardio.urams (Orouj) 2). there was a distinctly larger pereeniafre of ab- 
normal elect roeardioirraijhie resjionses amoii": those with ])oor exercise 
tolerance, as comiiaicd to those with a normal tfilerance; the re.spective 
percentajics weir 12 ])er cent, compared with 19 ))er cent, and 22 per 
cent, compared with -14 jicr cent, depemlini: on whether the .standard 
or doubled two-stc]) exercise was utilized (Table IV). In the iiroup 
of ]iatients who had aniudna jteetoris ami abnormal eonti'ol electrocardio- 
grams ((iroup 8). the peiveiitage of abnormal elect rocardiograjihic re- 
sponses after the two-step exereise was a'aain larger among those with 
poor cardiac function than aimmg those with normal cardiac function, 
as measured by the blood lu'e.ssure ami judse I'ate I'csjionse. After the 
.standard two-stc]! exercise the incidence of abnormal elect I'ocardio- 
graphic changes in those with normal cardiac function was 2d ])cr cent, 
and, in those with poor cardiac function, it was 88 per cent. Similarly, 
after the double two-stej) exertion, the jiereentages were 62 and 90, rc- 
.spectivcly (Table IV). 

CHARACTER OE EI.ECTROC' ARDIOCRAI’IHC CHANCES AFTER EXERCISE 

Table V summarizes the changes in the four leads of the electrocardio- 
grams of patients with the anginal syndrome. Similar abnormalities 
were observed in the other gi'ouiis of jiatients. HS-T deprc.ssion of more 
than Yj mm. below the isoelectric level in any lead was the most freipient 
ahnormality encountered. It was found most commonly in Leads I 
and II. This a]j])lied also to T-wave changes, which were le.ss frequent 
than RS-T dejire.ssion. In other word.s. the limb leads were abnormal 
oftener than the chest lead, but all leads were heljiful. Occasionally the 
J)r(?^rdial lead showed abnormalities when there were none in the .stand- 
ard limb leads. 

T.mii.i; V 


Ixci])i;.vcK OK Ei.i:rTi!oc.U!i>io(!i;.\riiir (’haxoks (J?,S-T a.vu T Wavk) in DimaiEXT 
1a;aiis An'r.ii Exkkcisi; i.\ P.\Tir,.vT.s With .Axc.ixa Pectoui.s 



Loud 1 

Head 11 1 

Load III 

I.cud IV 

I. Angina ]i('f;tori.s witli normal 
(■ontrol olpct roitarcliogram 

H) 

1 


32 

2. Angina poofori.s wiali abnor- 
niul control olcclrocardio- 
grain 

21 

21 

1 

S 










790 


AJIERICAIQ' HEART JOURNAL 


DISCUSSION 

A great deal has been written on the subject of the electrocardiogram 
after exercise, and a review of the literature will be found in the papers 
of FeiP and Riseman, 'Waller, and Brown, which should be consulted. 
It is essential that a standard amount of exercise be performed, for many 
authors“-^'’ have shomi that excessive worli may produce significant 
electrocardiographic clianges in normal persons. That is why we used 
the standard or double two-.step test.s, which produce no significant 
electrocardiographic changes in normal persons. When definite altera- 
tions appear in the electrocardiogram after the two-step exercise test, the 
patient is not normal. In our experience the test has proved to be of 
^ practical value. At times, the electrocardiogram after standard two- 
step exercise may be abnormal when nliysieal and laboratory examina- 
tion is entirely negative (Case 1). J^is to be remembered, however, that 
the test is significant only when it is positive, that is, when electro- 
cardiographic changes occur after standard exercise. Not eveiy patient 
who has organic heart disease, whether it be coronary sclerosis, syphilitic 
aortitis, or aortic insufficiency, gives a positive response. Therefore, the 
absence of electrocardiograpliie changes after^andard exercise does not 
rule out the presence of organic heart dis^tl^. 

The electrocai’diographic changes which occur after exercise, namely, 
depression of the RS-T segment and lowering or inversion of the T wave, 
are similar to those which occur with a .spontaneous attack of angina 
pectoris^’ or in acute coronary insufficiency^’’ ’■ caused by hemorrhage, 
shock, heart failure, or tacln-eardia. They are more transient than the 
changes observed in the latter conditions. They are due to the anoxemia 
of the myocardium wJiich results from a discrepancy between the 
coronary blood flow and the increased demand of the mjmcardium for 
, I oxygen. In o^^r words, the exercise induces a transient coronary in- 
sufficiency Avhich is relieved in a few minutes by rest. The electro- 
cardiographic changes are also similar to those caused by generalized 
anoxetnia.’^"’'^ 

^’’e have never observed any significant elevation of the RS-T segment 
after exercise, although occasional instances have been reported by 
several authors.®’ ’®’ It must be extreme^ uncommon, however. The 
changes after exercise are not like those of acute coronary artery oec u 
sion, for no Q waves appear, and, with the exception of the above quote 
isolated eases, elevation of RS-T and a reciprocal relation between ea s 
I and in do not occur. As already stated, the changes which do appear 
are typical of acute coronary insufficiency, but not of coronary occlusion. 

The two-step te.st is a simple, quantitative one. It is without danger, 
and utilizes exercise to which everjmne is accustomed, no matter ow 
sedentary his work is. We have never seen pain develop in normal sub- 
jects, and this has also been the experience of Feil.*’ If pain develops m 
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a case of coronary artery disease, the test can he continued, provided the 
pain is not severe. Even the presence of pain may not affect the results. 

It is possible to pei'form the two functional tests of the heart at onee, 
that is, one can record the electrocardiogram as well as tlie blood pres- 
sure and pulse rate after the standard exercise. The combined test 
should preferably be performed by two persons ; one records the electro- 
cardiogi’ams and the other obtains the blood pressure and pulse rate 
readings, but, with training, one person can record the electrocardiogram 
within one minute and tlie blood pressure and 2 ^ulse rate during the 
next minute. The two tests are better tlian one in evaluating cardiac 
function or as aids in making a diagnosis. Prognosis, too, should not 
be judged by one test alone, but by utilizing all po.ssible observations. 

The changes in tlie electrocardiogram usually last only a few min- 
utes, rarely more than eight to fifteen minutes. Oecasionall.y they dis- 
appear within one minute after cessation of tlie exercise. This empha- 
sizes the importance of recording the first electrocardiogram as quickly 
as possible after tlie exercise. The electrodes are therefore kept strapped 
to the patient’s ai-ms and leg while he climbs the steps, so that the electro- 
cardiogram can be taken the moment the climbs are finished (Pig. 1). 

The P-R segment was chosen as the isoelectric level only after con- 
siderable experimentation. In electrocardiograms in which the heart 
rate was rapid, it was found that the P-R segment was the only portion 
of the curve in which the level remained unchanged. Naturally, after 
exercise, the heart beat is accelerated and diastole (represented by the 
T-P interval) is shortened. The T-P segment remains elevated because 
there is insufficient time for it to reach its true isoelectric level before 
the next beat. The RS-T segment will then show an apparent depres- 
sion below the T-P segment. Furthermore, a U wave often appears after 
exertion, or may lia^^e already been present, and this, also, elevates the 
T-P segment above its correct isoelectric level. If one earefullj’' ex- 
amines the electrocardiogram when the heart rate is slow, it will be 
seen that the T-P segment nearly always slants downward slightly and 
reaches its lowest level after a long diastole. The lowest level is always 
the same as the P-R level. When the heart rate is increased, the T-P 
segment is shortened and fails to reach the true isoelectric line. Rise- 
man, Waller, and BroAvn^® also used the P-R level as the isoelectric level 
with -which to compare the changes in the RS-T segment after exercise. 
A depression of the RS-T segment of only 0.5 mm. would at first appear 
■ to be insignificant and insufficient as a criterion of abnormal response to 
exercise. However, we have found that if the P-R segment is used as a 
control, a depression of more than 0.5 mm. never occurs in normal per- 
sons. 

/ We have described two variations of the test for electrocardiographic 
' changes after exercise, namely, one based on the standard amount, and 
the other on double that amount, of two-step exercise. The former, 
which is less strenuous and is completed in one and one-half minutes. 
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sliould be used for patients who are knomi to have, or suspected of 
having, some impairment of the heart, '^t is thus indicated for those 
with the anginal syndrome and those who have had previous attacks of 
coronary occlusion, coronary in.sufficieney, or paroxysmal dyspnea, and 
in the presence of vahmlar, .syphilitic, or congenital heart disease. It 
should prove of value also in annual physical examinations and ex- 
aminations for retirement. The electrocardiogram after double the 
standard tAvo-step exercise, i.e., exertion for three minutes at a standard 
rate, may be used for testing military recruits, young and middle-aged 
persons, or any patient in the previously mentioned groups Avhose electro- 
cardiogram after standard tAvo-step exertion has remained normal. Any- 
one Avuth a normal or pi^actically normal electrocardiogram should haA'e 
this double exertion test.) In hundreds of tests AA'ith the double tiAu-step 
exercise Ave have neA'cr 'seen any harmful or really painful result. Of 
course, this someAvhat more strenuous exercise test should not he used 
on a patient avIio is acutely ill or AAdien an acute illness is just subsiding. 
As a general rule, subjects 50 years of age or older should be subjected 
to the standard test first. 

SmniARY 'AKD COXCLTJSIOKS 

1. A new modification of a test of heart function is described; it 
utilizes the effect of a definite amount of Avork on the electrocardiogram. 
The Avork consists of the tAvo-step exercise tolerance test, employiiig the 
standard number of climbs oi’ double that number. By this method the 
exertion is limited to a definite amount, and is standardized for the pa- 
tient’s age, sex, and Aveight. 

2. No significant electrocardiographic changes after these tests have 
been observed in normal persons. Depression of the KS-T segment more 
than 0.5 mm. beloAv the P-R segment or flattening or inversion of the 
T Avave is abnormal, and is indicatiAm of coronaiy insufficiency. 

3. Changes were obserA'ed after the standard test in one-fifth of the 
cases of angina pectoris A\ith normal control electrocardiogiams, an m 
tAvo-fifths after the double test; of the eases in which the eontiol electio 
cardiogram aa'Us abnormal, tliey occurred in one-half after the stan ai 

test and in tAvo-tliirds after the double test. 

4. The BS-T and T-Avave clianges occurred most commonly in Leads 
I and II and disappeared AA'itliin eight minutes. They AAere similar to 
those caused by anoxemia and acute coronary insufficiency.^ 

5. The test is particularly useful in studying patients AAuth symptoms 
of heart disease Avhen other methods of examination, inc u uio e 
electrocardiogi’am, are negative. A negative test does not exc u e 

presence of organic heart disease. _ ^ r • 7 

6. Correlation of the results of the test with the patient s clmica 
status, as ascertained from symptoms, cardiac examination, an e ex 
ercise tolerance test, has shoAim that the test is a good measuie o car lac 
function. 
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7. Tlie test is Rini]ilc 1o ]ioi'foi'in, is not dangerous except for very 
ill pnticnls, and is nseful in diagnosis, prognosis, and in following the 
patient’s progress. It can bo combined Avith the exercise tolerance test; 
i.e., the ]mlse rate and blood ])re.ssnre, as well as the electrocardiogram, 
can be recorded after the standard exerci.se. The electrocardiographic, 
pnlse rate, and blood ]n’ossnre responses to standard and double exercise 
are useful as cardiac fitne.ss tests in military and aviation medicine. 
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HYPOPLASIA OP THE AOETA AYITHOUT TEANSPOSITION 
WITH ELECTEOCAEDIOGEAPHIC AND HISTOPATHOLOGIC 
STUDIES OP THE CONDUCTION SYSTEM 

Maurice Lev, M.D., and Samuel T. Killian, MD. 

Chicago, III. 

T HEEE are a number of anomalies of the heart which include hypo- 
plasia of the aorta. These may be classified as follows : 

(1) Hj’poplasia of the aorta associated with transposition; 

(2) Hypoplasia of the aorta not associated with transposition, 

(a) with aortic and/or mitral stenosis or atresia, 

(li) vdthoiit mitral or aortic stenosis or atresia. 

In a series of fifty congenitally malformed liearts studied by one of 
us (j\I. L.) at the J\lichael Eeese Hospital, hypoplasia of the aorta was 
present in 20 per cent. However, it was associated with mitral or aortic 
atresia in only tlmee eases. The subject has been dealt Avith recently by 
Evans,^ Eoberts,“ McNerney,^ Abbott,"* Monserrat,® Eulistinat,® Lippin- 
eott," von Haain and Hartwell,® Baggenstoss,® and Anderson and Sano.*® 
Electrocardiographic studies of congenital aortic atresia and stenosis 
have been reported in only one instance.^® Histologic studies of the 
conduction system in congenitally malformed hearts are few.“ The 
present report deals Avith both studies in tAvo cases. 

Case 1. — 

Si-story . — Tliis male cliild was born July 30, 1940; it was a normal delivery. 
The duration of gestation was 8 months. The birth weight was 2460 grams, and 
the child measured 46 cm. in length. At birth the infant was moderately cyanotic, 
and the cyanosis increased during the first day as its condition became worse. The 
respirations Avere rapid and shallow. Bronchial breathing and rales were heaid 
at the bases of both lungs. Tliere Avas a short systolic murmur over the precordial 
area, and the pulmonic second sound Avas accentuated. The liver was palpable two 
fingerbreadths below the right costal margin. On the second day^ of life the 
cyanosis became more marked, the abdomen became distended, vomiting occurred, 
and there was tAvitching of the left side of the face and left arm and leg. Tieat 
ment consisted of oxygen, gastric lavage, A’itamin K intramuscularly, fluids su 
cutaneously, and stimulants. Tliese Avere of no avail, hoAvever, and the child le 
forty-four hours after birth. 

A roentgenogram of the chest (Fig. 1) aa-us read as folloAvs: The superior 

mediastinum is Avidened, Avith the lateral Avails almost Amrtical. The findings sugges 
an enlarged thymus. The heart shadOAV is large and globular, Avitli the bu ' o 
heart to the left of the midline. This finding Avould suggest the possibi itj o 
congenital heart. The lung field markings in the right loAver, and the left mi ung 
field, are exaggerated.” 

Prom the Pathologj' and Cardiovascular Departments. Michael Reese Hospital, 

Aided by the A. D. Nast Fund for Cardiac Research, and the Joseph G. Snj dacker 
Fund. 

Received for publication May 4 , 1942 . 


794 



LEV AND KILLIAN; HYPOPLASIA OF THE AORTA 795 

An electrocardiogram (Fig. 3) revealed the follmving; "Rate is 107. P-E 
interval is O.IG .second. QE>S, is M-shaped, mainly inverted, and tinj-. QRS, and 
QES, are upright, slurred, and small. QUS duration is 0.14 second. T, and T, 


Fiff. 1 — RocntffonoFrram of cho.st in Cnisc 1. Note the larKC and plobular shaped heart, 
especially prominent in tlic left side of the chest. Described in text. 
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are small. Lead CP„ is normal in configuration but there is prolongation of the 
P-B interval and the QES duration. Interpretation: Sinus rhythm. First degree 
auriculo-ventricular block. Intraventricular block of the indeterminate type nith 
low 'voltage.' Definitely abnormal curve.” 

Clinical Diagnosis . — Congenital heart disease, with circulatory insufficiency. Ex- 
tensive, fulminating bronchopneumonia. Pulmonary atelectasis. Possibly cerebral 
hemorrhage. 

Post-Mortem Examination . — Aside from the abnormalities in the heart, the 
pathologic diagnoses were: (1) prematurity; (2) subarachnoid hemorrhage; (3) 
pin-point intracerebral liemorrhages; (4) hemorrhages into both kidneys; (5) 
partial pulmonarj^ atelectasis; (G) hyperemia of aU the organs. 

Heart. — (Pigs. 3 and 4). The heart was triangular in shape. The apex was 
formed by the right ventricle. Prom the base of the heart two vessels emerged: 
a large one situated to the left and somewhat anterioi'lj’’, and a small one situated 
to the right and somewhat posteriorly. The mutual relationships of the various 
heart chambers were normal. 



Fig. 3. 


Fig. 4. 


„ I in Pnqp 1 Note the hj-poplastic aorta and 

Fig. 3. — ^Anterior view of the heai t in Case i o 

large pulmonary artery; A, aorta; P, pulnion } 

Fig. 4.— Left auricular and ventricular view of the heart in case 
hypoplastic left ventricle ; L, left ventricle. 

The eight hhride ,v»s markedly dilated and .rail »«» f “j 

1 t in thickness Tlie superior and mierior 

the latter measured as much as normaUy. The Eustncliian 

venae cavae and coronary sinus entered tins cnamuei ^ 

and Thebesian valves fomed one cnrhiin guarding the f ™ 

coronary sinns. The Bmbns in its upper portion was well 'L 

directly patent foramen ovale, the cVrumference. The tricuspid valve 

The tricuspid orifice measured 4.3 cm. i 
and its chordae tendineae and papillary muse es were no 
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The riglit ventricle was niarlvcclly enlarged; tlie tliiclincss of its wall was 1 mm. 
at the pulmonic orifice, 2 mm. at the tricuspid orifice, and 1 mm. at the left lateral 
margin. Tlic muscle bundles of the right ventricle were normal in contour. From 
this chamber emerged the pulmonary artery. This was the large vessel which had 
been seen externally, to the left and anteriorly. 

The pulmonic orifice measured 2,C cm. in circumference. It was gnarded by a 
normal right cusp and a large cusp situated to the left and anteriorly. The latter 
cusp was incompletely divided into two parts, a left and anterior portion, by a low 
band traversing the region of the sinus of Valsalva. The pulmonary artery gave 
off the right and loft branches normally. The ductus arteriosus was widely patent. 
The muscular interventricular septum was complete. The “pars mombranacea, ’ ’ 
however, was muscular. 

The left auricle was relatively small, and its wall was relatively thin. It received 
the four pulmonary veins normallj'. The mitral orifice measured 1.3 cm. in circum- 
ference. The left auriculovcntricular valve consisted of a semilunar band of endo- 
cardial tissue which was attached to two greyish-white ridges in the anterior and 
posterior walls of the left ventricle. These ridges were in the normal position of 
the anterior and posterior papillary muscles of the loft ventricle in the normal 
heart. 

The left ventricle was a minute chamber, and its wall measured as much as 3 mm. 
in thickness. Its lining was greyish-white, opaque, and thickened. In the region 
where the normal aorta should have emerged, there was a slight puckering. How- 
ever, no vessel was seen to emerge from the left ventricle. 

The small vessel which emerged externally to the right and posteriorlj^ was the 
aorta; however-, it did not enter the heart. The proximal portion of the aorta ended' 
in an irregularly puckered area at the base of the heart without valvular structure. 
In this region the right and left coronary arteries emerged. Tire course and dis- 
tribution of the coronary arteries were normal. The circumference of the ascend- 
ing aorta measured 5 mm. The transverse portion of the aorta gave off the bvachio- 
ceplialic vessels normally. Its circumference measured S mm. Tlio transverse aorta 
united with the ductus arteriosus to form the descending aorta, which measured 
8 mm. in circumference. 

Histologic studios of the myocardium revealed a marked increase in connective 
tissue in the myocardium adjacent to the endocardium. The perivascular connec- 
tive tissue was especially increased about many arteries, the lumens of some of 
which were narrowed. Also, the endocardium presented a marked increase in con- 
nective tissue. Tliis was partially hyalinized and contained small foci of calcium 
deposits. Both the mitral and tricuspid valves showed an increase in connective 
tissue. Tliere was no distinct evidence of active inflammation anywhere in the heart. 

The Purkinje system was studied by incomplete serial sections stained with 
hematoxylin and eosin and by the van Gieson method. The auriculovcntricular 
node, the bundle of His, and the left branch were clearty recognizable anatomically. 
The right branch could not be identified. The auriculoventricular node revealed no 
pathologic change (Fig. 8). The bundle of His, however, was embedded in a large 
mass of scar tissue (Fig. 9). Masses of this tissue invaded the bundle, and there 
was a distinct disruption in continuity of some of its fibers and in the fibers of the 
beginning of the left branch. In addition, the distal portion of the left branch 
lay encased in, and was irregularly subdivided by, the markedly increased hyalinized 
connective tissue in the endocardium of tlie left ventricle (Fig. 10). 

Case 2 . — 

History . — This male infant was bom June 25, 1937, after a normal full-term 
pregnancy; the delivery was normal. It rveighed 4,215 grams and measured 50 cm. 
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in length. The mother, aged 22 years, had one other child ^Yho was living and 
well. After birth the child was cyanotic; it died June 27, after having lived forty- 
five hours. 



I 

I 

M. 



-Blectrocardio&rani in Case 


2. Described in text. 
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A roentgenogi-am of the chest (Fig. 5) showed tliat the heart outline was larger 
than normal and rather globular. A haziness involved almost the entire right 
upper lobe and a portion of the left upper lobe, suggesting atelectasis. No thymus 
was recognized. 

An electrocardiogram (Fig. G), taken June 27, revealed the following: “Bate 
is 125. P-B interval is 0.20 second. QBS is up in all leads and small. QES dura- 
tion is O.OS second. S-T, and S-T, are elevated, and S-T, depressed. is small. 
Interpretation: Sinus rhythm. First degree auriculoventricular block. Intra- 

ventricular block of the indeterminate type with low ‘voltage.’ Definitely abnor- 
mal curve.” 

Post-Mortem Examination . — Aside from the heart, the pathologic diagnoses 
were: (1) confluent bronchopneumonia; (2) hemorrhages in the lung, thymus, 
peripancreatic tissue, and mesentery. 

Heart. — (Fig. 7). The heart was somewhat enlarged and globular in shape. 
The apex was formed by the right ventricle. From the base, two vessels were seen 
to emerge, a larger one anterior and to the left, and a smaller one, posterior and 
to the right. The mutual relationships of the various heart chambers were normal. 



Pig. 7. — ^Anterior view of the heart in Case 2. Note the hypoplasia of the aorta, 
the dilatation of the pulmonary artery, and the right ventricular hypertrophy ; A, 
aorta ; P, puimonary artery. 


The right auricle was enlarged, and its -wall was somewhat thickened. The supe- 
rior and inferior venae cavae and coronary sinus entered this chamber normally. The 
Eustachian and Thebesian valves were absent. The limbus (septum secundum) 
was well formed in its upper portion, but deficient in its lower. It described an 
incomplete arc, measuring 0.8 cm. in greatest diameter. The septum primum was 
well formed, and its free edge pointed anterosuperiorly. The septum primum and 
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secundum were not anatomically united, leaving an obliquely shaped, widely patent 
foramen ovale which measured 0.6 cm. in greatest diameter. 

The right auriculoventricular orifice measured 4.5 cm. in circumference. It was 
guarded by a valve consisting of two large leaflets, an anterior and a septal. The 
anterior leaflet had the topography of the normal anterior leaflet of the tricuspid 
valve, and was connected to a normally formed but thickened anterolateral papil- 
lary muscle. The septal leaflet presented numerous chordae tendineae, attached 




Fig-. 9.— The bundle of His m Case 1. branch : 1. auricuiir nrnscu- 

the disruption of the bundle as it gives *^6 left bundm branc ^ 
lature; 2^ fibrous tissue at the base of the atretic aorta, o, 
ginning of left branch. 
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directly to tlic trabeculao earncae of the right ventricle. There was no posterior 
papillary muscle in the right ventricle. 

The right ventricle was markedly enlarged and occupied most of the heart. Its 
wall measured 2 mm. at the loft lateral margin. The .septal and parietal muscle 
bundles wore normally formed, but thickened, especially the latter. The vessel 



Fig. 10. — Portion oC tlio loft bundle branch in Case 1. Hematoxylin-cosin prepara- 
tion, X120. There are marked Oogcncrativo changes in the muscle flber.s of the bundle 
branch as it lie.s in the markedly thickened and nbroiis endocardium. Connective tis- 
sue interrupts tlie continuity of the muscle fibers ; 1, ventricular musculature ; 2, 
bundle branch fibers ; 3, markedly thickened endocardium. 
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emanating from this chamber. was the pulmonarj' artery. This was the large vessel 
situated anteriorly and to the left. Its orifice measured 2 cm. in circumference. 
Its valve consisted of three cusps wMch were in normal position. The artery gave 
off the right and left pulmonary branches normally. The ductus arteriosus was 
widely patent. 

The left auricle was small in comparison to the right. It received the four pul- 
monary veins normally. The left auriculoventricular orifice was correspondingly 
small and measured 2 cm. in circumference. Its valve leaflets, chordae tendineae, 
and papillary muscles had the topography of the normal mitral valve. 



Fi&. 12.— The bundle of His, wuth its displacing the muscle 

preparation, X5G. Note the large mass of connec j bundle; 3, right 

fibers of the main bundle: 1. bundle of_His: 2, fibrous tissue m 
bundle branch; 4, left bundle branch: 5, ventricular muscuiamie. 


The left ventricle was so small that it appeared almost as an 

right ventricle. Its waU measured 3 ^-as replaced 

tricular septum was topograplucaUy normal. The p 

by muscle. Emanating from this chamber was pulmonary 

vessel which had been noted externally, posterior an circumference, 

artery. The orifice of this vessel was small, measun S ‘ The coro- 

The aortic valve consisted of three normally forme , lu ’ ^ The circum- 

os«. a.<i distribute Of tbe « riduocSlic .essois .ere 

ference of the ascending aorta measured ^ uorta measured 1 cm., 

given off normally. The circumference of the transier.e 

whereas that of the descending aorta measured ..s increase in connective 

Histologic study of the myocardium revealed a ™ endocardium, 

tissue in the right ventricular mvmcardium of the right ven- 

The vessels showed no changes. The ventricle The mitral and tri- 

tricle were distinctly larger than those of the left ventricle. 

cuspid valves showed no changes. _ cprial sections, stained with 

The Purkinje system was studied ^ The auriculoventricular 

hou.af.^li. aud eosi. aud b, f wore eleariy recog.ur.bl. 

node and the bundle of His and jte _ , • ^he auriculoventricular node 

anatomically. There was no pathologic change m 



Ll'JV AND KILLIAN: HYPOPLASIA OP THE AORTA 


803 


(Fig. 11). However, in the center of the bundle of His tlierc was an oval mass of 
connective tissue which displaced the medial fibers of the bundle and sent fibrous 
cords among the muscle fibers themselves (Fig. 12). Both the right and left 
bundle branches sliowed focal degeneration of the fibers and interruptions by con- 
nective tissue (Figs. 13 and 14). 




— Hight bundle branch in Case 2. Hcinatoxylin-eosin preparation. XG‘l. 
riBnfi replacement of the muscle fibers of the bundle by endocardial con- 

tiirn ® ’ 1> bundle branch fibers ; 2, connective tissue : 3, ventricular muscula- 
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ANATOINIIC AND EMBR.YOLOGIC DISCUSSION 

Tlie anatomic features common to both hearts were : (1) hypoplasia of 
the ascending and transverse poidions of the aorta; (2) hypoplasia of 
the left auricle, ventricle, and mitral orifice; (3) patent dnctns arterio- 
sus and foramen ovale; (4) complete ventricular septum; (5) marked 
liypertrophy and dilatation of the right auricle and ventricle; (6) no 
transposition; and (7) abnormal Eustachian and Thebesian valves. In 
addition, there were, in the first ease, (1) atresia, of the aortic orifice; 

(2) marked fibrous thickening of the endocardium of the left ventricle; 

(3) diffuse equal thickening of the mitral leafiets; and (4) an incom- 
pletely divided tricuspid pulmonic valve, and in the second case, (1) 
hypoplasia of the aortic orifice, and (2) bicuspid ‘‘tricuspid” valve. 

Case 1 thus belongs to type 2 (a) of our classification, and Case 2 be- 
longs to tjTDe 2 (b). In type 2 there is no transposition of the arterial 
trunlvs, a defect of the auricular seiitum is always present, and there 
may be a defect of the ventricular septum. The ductus arteriosus is 
usually patent, and there are hjiiertrophy of the right ventricle and a 
varying degree of hypoplasia of the left ventricle. When there is 
aortic atresia or stenosis, with or without mitral atresia or stenosis, the 
left ventricle is minute or absent, and its endocardial linmg usually 
presents marked fibrous thickening. There may be various minor 
associated lesions, such as an abnormality of the valves, including the 
‘Eustachian and Thebesian valves. 

In type 1, hypoplasia of the aorta is associated with various tjT)es 
of transposition of the arterial trunlis. Although it is usually the pnl- 
mona.ry tnink which is inhibited in transposition (tetralogy of Fallot), 
occasionally the reverse may be true (tetralogy of Eisenmenger^-). 

There are various degrees of h^qioplasia of the aorta. In some cases 
both the ascending and transverse portions are involved to a similar 
degree. In others, accompanying a hypoplasia of the ascending portion, 
which gives off the brachiocephalic vessels, there is absence of the isth- 
mus (coarctation of the fetal type). In these instances, the pulmonaiy 
artery leads through the ductus into the descending aorta. In others, 
the ascending aorta is converted into a small, thin- walled vessel which 
ends blindly at the base of the heart, where the coronary arteries are 
given off. The aortic orifice maj’" be atretic, stenotic, or hypoplastic. 

When the aortic ti’unk is converted into a minute vessel which does 
not empty into the heart, the anomaly has been called timncus solitarius 
pulmonalis, as differentiated from truncus arteriosus communis pei- 
sistens and truncus solitarius aorticus. Althougli the lattei rtyo aie 
usually associated with transposition, truncus solitarius pulmonalis maj 
or may not be associated with transposition. 

The embryologie variant in hypoplasia of the aorta without trans- 
position is some abnormality in the primitive aortic arch system. The 
normal definitive aoi’ta is derived from the ventral half of the ti uncus, 
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a small part of llio fonrlh ri^rlit ami it* arcli, all of the foxuili left aortic 
arch, aiul the common dorsal aorta. In view of the fact that the aorta 
ill those cases is usually normal distal to the entry of the ductus aiierio- 
sus, the anomaly is not to be looked for in the iirimilive eonnnon dorsal 
aorta. The anomaly likewise does not lie in the fourth right arch, for 
this would se]iarate the hraehioeeiihalic vo.ssels from the ascending aorta 
— a condition which does not occur with this anomaly. Therefore, the 
following jiossihililies remain: (1) hypoplasia of the fourth left arch, 
or (2) primaiw abnormal sinir formation between left arches four and 
six. leading to an abnormal aorlicojnilmonary .septum and uneven divi- 
.sion of the truncus. Tn view of the frccpicnt ab.sence of the isthmus with 
this anomaly, the first ex]ilnnation is more likely. Hypoplasia, of the 
aorta is best exidaiiicd as a result of hypoplasia of the fourth left arch, 
resulting in unerpial division of the trunens. When the anomaly is 
aceonpmnied by ti'ansjxisition. there i.s. in addition, an abnormality in 
the absorption of the bulbus.'^ 

STUDY OI' Tin: rONDUUTIOX .SYSTEM 

Histologic stxidy of the conduction .system in both hearts revealed 
an increase in connective tissue in the region of the bundle of His and 
focal degenerative changes in tlie branches (the light was not found in 
the fii-st case), with a focal increase in connective tissue. We are unable 
to say whether this increase in connective tissue in the region of the 
main bundle constituted an abnormality in formation or was the result 
of inflammatory changes. It was most likely related to the abnormal 
formation of the ba.se of the aorta. 

The ])athologic changes may be correlated with the electrocardio- 
grams. Iloth infants showed fir.st degree auriculoventricular bloek (iiro- 
longed P-11 interval). In Case 1. the P-11 interval was 0.16 second; in 
Ca.se 2. the P-11 was 0.20 sec'ond. Tn the newborn the normal P-P dura- 
tion is between O.OS and 0.13 second.’'' The prolongation of the P-R 
interval Avas jirobably caused by damage to the bundle of His. 

Both infant.s had intraventricular block. Prolongation of QRS is 
rare in ca.ses of congenital heart disease.’-'’ In fact, Schnitker,’® in his 
rcvicAv of the literature. Avas able to find oidy ten cases. The QRS 
duration in our first case Avas 0.14 second; in the .second, it aatis O.OS 
second. The normal QRS dui-ation in the neAvborn is betAA-een 0.04 and 
O.OG .second.’’ The ]n'olongation can be accounted for by the abnormali- 
ties in the conduction .system in each ca.se, namely, increased connectiA-e 
tissue in the region of the bundle of His and focal degeneration and 
increased connective tissue in the bundle branches. 

Such cori-elations of elect rocardiograjihic and histopathologic studies 
of the conduction .system arc of imjmrlance in evaluating the role of tlie 
specialized muscular system in the conduction of the cardiac impulse. 
The recent AA'ork of Glomsel and Cllomset’" and the older AA’oi’k of Todd’® 
haA'c questioned the role of the Purkinje system as a condxicting system. 
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In our eases there were sufficient anatomic changes in the conduction 
system to account for the heart block wliich was present. 

CONCLUSION 

Two eases of aortic hypoiilasia without transposition are presented, 
together with electrocardiographic and histopathologic studies. In these 
cases there was anatomic evidence of interruptions in the conduction 
sj-stem, and this proliably accounted for the heart block which was 
present. 

We wisli to exjn-ess our appreciation to Dr. Louis jST. Katz, of tlie Cardiovascular 
Department, and Dr. Otto Sapliir, of the Pathology Department, for their valuable 
suggestions. 
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F1VE-Y]'LVR .SURVIVAL A1*’TER PERFORATION OF INTIORVEN- 
TRICULAR .SF.PTUM CAUSED BY CORONARY OCCLUSION; 
HISTOLOOIC STU1>Y OF KIDNEYS A1'’TBR 350 
IN.TECTIONS OF ^MERCURIAL 
DIURETICS 


Fuanti.s C. Wood, ]\l.D.A and Vahy .Mili.ku Livkzicv, ]\LD. 
PniUAWCLriiJA, Pa. 

T HUS ropoi'l Is pul)lisliod for llic followiii'r reasons: (1) The patient 
lived almost five years after aeqnirinjj; a ventrienlar septal perfora- 
tion throuirh an area of infaretion. (2) Dnriii" this interval he re- 
eeived 350 injeetion.s, lotaii?]?? about 650 e.c., of varion.s inei'curial 
diuretics, and, at neei-op.sy. there was no liistolofrie evidence of renal 
damage. 

<'ASK KKl’OKT 

C. W. II., !i man, -M year,*; <if :i"e, was refoncal to u... Octoljcr Ki, 

In’ Dr. Isaac. Starr, wiio luul jii.'-t .‘'ccii him for the tir.'^t (iinc. In lOHo lie began to 
Jiofico c’fin.“lrictioti in (he middle of hi.« chi’.vl and aching in botli clavicular region.^ 
on .strcnuoii.s c.xcrtiim; tlic.'-c .‘•ymiitoms wcie relieved by re.sl On September 15, lOtUi, 
after running 200 ynrd.s in a ijiin.'-tena, he had an attack of .severe pain in the .«tornnl 
region, epignstriuni, throat, ;ind left nrm, !i.«sociated with inability to get ht.s 
breath. The ])ain iier.-iisted through the day, even at rest, and was relieved only 
hy a hyj)odermie. He remained in bed thirty-six hours, and then wont about his 
business as a real estjue tigent. On Sejitember 17 he had another tittuok of pain 
which lasted several hours, hut from tlmt tinu’ until we first saw him, almost a uiontii 
later, he cnmplained eltieUy of (ly.-.pnea on e.vertion, with only ocea,«ioi)nl jiain in the 
che.st. 

Examination .'■howeil a somewliat jiallid, thin m;in, tvith a heart rate of l.'tO 
per minute and a blood pre-.siire «f l(i.5/110. Systolie tmirinnrs were heard at the 
apex and aortie area. There were no signs of congestive heart failure. 

Tile erythrocyte count was •l.tam.tmo, ihc hemoglobin, 75 per coat, and the loucocyto 
count, 12,000, The blood sedimentation rale (Culler) was 2(i nun. in one hour. 
The cardiac silhouette area was .'HI per cent above file predicted figure (ortho- 
diagram). The electrocardiogram showed evidences of former infarction in (he pos- 
terior wall of tlie left ventricle (Dig. 1./). .V diagnosis of unhealed cardi.ac in- 
farction n-;is made and the jiatient wii.s .sent home to bed. 

On October 2.'!, IPOti, one of us (F. O. W.) saw him at his homo, and at that time 
first noted a loud, rough, sy.'-tolic murmur and tlirill over the lower sternal region. 
The blood pressure on that day was 1-15/105. 'fhe blood sedimentation rate was 
21 nun. in one lionr {Cutler). A diagnosis of perforation through an infarctod area 
in the ventricular septum was made. 

On iCovemher C, 10.20, hepatic and venous ongorgciiieiii was noted for the first 
lime. Tile blood pressure wa.s 12.5/.00; the pulse rate was 120 per minute; and the 

From tlio 7C<lwaril B. Boblnclle Foundation, Atcdicnl Clinic, Hosplt.al of tlio TJnl- 
vensltj’ of Penn.sylviinla. 

Recotved tor publication Alay 18, 19-12. 

•Major, Medical Corps, U. .S. Ai’iny, Twontietli General Ho.spital. 
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blood sedimentation rate (Cutler) \vas 18 mm. in one lionr. On November 13. 1936. 
he began to have some choking at night which was relieved bv sitting up; the veins 
and liver were more engorged. On November 23, 1036, edema of the feet was first 
observed. He grew steadily worse until, on December 27, 1036, he was admitted to 
the Hospital of the University of Pennsylvania ndth severe congestive heart failure. 
He then volunteered the information that, instead of remaining in bed at home 
as we thought he had done, he had begun to work shortly after we first saw him, 
making as many as forty calls a day. We were unable to obtain any history to 
suggest exactl.v when his septal perforation had occurred. 

At the time of this admission to the hospital, he had cyanosis, dyspnea, Cheyne- 
Stokes respiration, orthopnea, edema up to the costal mar^ns, marked engorgement 
of the veins and liver, and ascites. He sutiered recurring attacks of severe anjiiiial 
pain, cspeciall.v after eating. He was mildly psychotic, particularly on awaking from 
sleep. The blood pressure averaged 150/115, the pulse rate. 95, and the respiratory 
rate, 21. The erythrocyte count was 1.4 million, the hemoglobin, 81 per cent, and the 
leucocyte count, 8,700, with a normal differential count. The blood Wassermann 
reaction was negative. The urine showed a specific gravitv- of 1.028, an acid reaction, 
a trace of albumin, many hyaline casts, a few leucocytes, and no erythrocytes. The 
clectrocai'diogram was the same as before. Treatment consisted of rest, opiates, 
barbiturates, nitroglycerine, xanthines, ammonium nitrate, salvrgan, and digitalis. 
At first the output of urine was small. After a week, slow improvement began. 
The urine output became adequate, and the blood pressure dropped to 125/75. He 
went home January 16, 1937. and gradually gained strength. 

For the rest of his life his legs were edematous. The edema was treated with 
salyrgan and mercupurin intravenousl.v, usually the former because he preferred it. 
He I'oecived si.v to eight in.ieetion.s a mo 2 ith, at fij-st 1 c.c. but after lila.r 27, 1937, 
2 c.c. His total dose was not accuratel.v recorded, but from the time of his first 
in.iection, on December 30, 1036. until the time of his last, on August 18, 1941, 
he must have received about 350 in.jeetions and a total dose of about 650 c.c., all in 
the same large right antecubital vein, without extrnva.«ation or thrombosis. On 
one occasion he was given a mercurin suppositorv, but intense rectal irritation ensued, 
and the intravenous route was used thereafter. The diuresis produced bv these 
drugs was quite satisfactory on almost all occasions; a loss of weight of about 
five pounds occurred each time. The diure.Js was sometimes increased by ammonium 
nitrate administration and by salt restriction. However, the benefit derived from 
these two additional measures did not .seem to the patient to be sufficient to warrant 
the trouble and discomfort involved in their \ise. Kestriction of fluid intake did noi 
seem to help much, so he abandoned it. Digitalis was given from time to time, 
but we saw no evidence of benefit from it, and the patient thought it made him 
feel worse. WJien he had unusuall.v good di;iresis (every second or third time he 
received an injection) he experienced a s.vmptom which we had not encountered 
previously in any other patient. The drug was tisually given about 3; 00 r.M. The 
next morning, on arising, he experienced severe pain in the legs, located along the 
front of the lower leg and especially just external to the tibia. It was more marked 
in the left leg, which was the more edematous of the two. It lasted fifteen to twent;^ 
minutes, and was very intense. He said it felt as if someone had taken his foot and 
bent it forward and up to touch his knee. 

Despite the long continued use of mercurial diuretics the patient never showed 
obvious clinical evidence of renal damage. The ui'ino throughout showed a trace 
of albumin and sometimes a number of hyaline casts, but nothing more than would 
be expected in any cardiac patient with this degi'ce of venous engorgement. There 
were a few leucocytes but no erythrocytes. 

During the summer of 1037, the ascites, which had been present since December. 
1936, disappeared and never returned in recognizable amount. On August 10, 19o<, 
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he experienced recurring pain in tlio right side of the chest and developed pleural 
effusion on that side. lie was readmitted to the liospital August 19. The right 
side of llic cliost was tapped, and a liter of sterile, bloody fluid was obtained. With 
the onset of plcuial ellusion he develo 2 )ed trcpojmca.i During this hospital admission 
the electrocardiogram showed nothing new, the blood sedimentation rate was 3 mm. 
in one hour (Cutler), and the blood cell count was essentially the same as on the 
previous admission. The urine was negative e.xccpt for a trace of albumin. The 
blood urea nitrogen was 22 mg. imr cent, and later fell to IG mg. per cent. The 
blood sugar was 75 mg. per cent. The scrum proteins were 6.7 jicr cent. He 
left the hosjjital August 21, 1937, but during the next sixteen months returned 
ireriodically for thoracentesis. The character of the fluid was that of an exudate, 
rather than a transudate. On November 7, 1937, after tajiping, a pleural friction rub 
was heard. As time went on the fluid became less bloody, and finallj’ became clear. 
On December 23^ 1938, the last (sixty-first) thoracentesis was done. After that 
the fluid ceased to accumulate and his condition remained more or less stationary. 
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Piff. 1. — A. Electrocardiogram taken October IG, 193G. The QRS complexes are 
.slurred and their duration is 0.10 .second. Q waves and inverted T waves in Leads II 
and III indicate infarction involvinp the posterior wall of the left ventricle. The 
RS-T seg-ment shows no deviation fi'om the isoelectric line, but the clinical observa- 
tions suggested active infarction. 

R. Tracing taken August IS, 1911. The duration of the QRS complexes is 0.12 
second, .and a conduction defect of the right bundle branch type is present. Q: and Qs 
and inversion of T: and Ts are still present. 


The electrocardiogram throughout the last four years of his life showed signs of 
a healed posterior infarction, and some widening of the QRS complex suggesting a 
right bundle brancli conduction defect (Fig. IB). The heart increased in size slowly 
from an area of 146 sq. cm. on October 16, 1936, to 189 sq. cm. on August 18, 1941, 
(orthodiagram of the posteroantcrior silhouette). The blood sedimentation rate re- 
mained very slow, never exceeding 3 mm. in one hour (Cutler) after the original 
infarct had healed. 
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Despite the fact that he always looked like a person in the terminal stages of 
cardiac failure, and despite our attempts to induce him to take adequate care of 
(liraself, he continued his occupation as a real estate agent. He worked an average 
of eigiit hours a day, traveling about the city and climbing stairs. Now and then 
lie would indulge in unusual effort, such as chopping wood or running to avoid 
getting wet in the rain, which sometimes precipitated cardiac pain, intense dyspnea, 
dizzines.s, and a throbbing pain in the region of the liver. Each attack of this 
sort looked as if it might be his last. However, in a few days he would regain 
his ordinary level of chronic ill health. 

During the niglit of August 2S, 1941, he developed pain in the anterior, middle 
portion of the chest, which disappeared and reappeared periodically. On the evening 
of August 30, 1941, he had an unusually severe attack. The blood pressure dropped 
from its former level of 150/110 to 125/70. He was readmitted to the Medical Ward 
of the Hospital of the Univer.sity of Pennsylvania on the service of Dr. 0. H. P. 
Pepper at 10:00 p.m. on August 31, 1941. The blood pressure fell to 75/65, he be- 
came more cyanotic, gradually lost consciousness, and died. The clinical impression 
was that his death was caused b}’ coronary insufficiency and myocardial ischemia. 

The necropsy was performed by Dr. Warner F. Slieldon, twelve hours after tne 
patient’s death. 

Tlie legs were edematous; the skin of the lower part of the legs showed a 
broumish mottling, and appeared thin and somewhat atrophic. No intra- or extra- 
pericardial adhesions were found. The heart weighed 840 grams. All of the valves 
were smooth, thin, and intact, except for small fibrous thickenings of the mitral valve 
leaflets. The right ventricle was markedly dilated and its walls were hjq)ertrophied, 
measuring 1.0 cm. in thickness. The left ventricular wall measured 1.5 to 1.7 cm. 
in thickness. The left ventricular cavity showed dilatation, but proportionally less 
than the right ventricle. The right coronary artery was completely blocked by a 
firm nodule about 7 cm. from its origin, for a distance of 0.6 cm. Beyond this, the 
vessel was patent but small. There was an area of old infarction in the posterior, 
upper part of the septum and in the adjacent posterior wall of the heart. A fairly 
large perforation, 1.5 cm. in diameter, was found in the infarcted area of the 
ventricular septum. The opening into the left ventricle was easy to see; that into 
the right ventricle was more difficult to find because it was hidden behind a papillary 
muscle (See Pig. 2, A and 7?). The margins of the septal perforation were smooth 
and grayish, surrounded by fibrous tissue, and covered by endocardium. Obviously 
the communication was one of long standing. On the inner surface of the 
right ventricle, where tlie blood current must have struck the wall after passing 
through the septal perforation, tliere were several large, yellowish-gTay, elevated 
plaques, each 1x2 cm. In the posterior, upper, left ventricular wall, adjoining 
the ventricular septum, there was an aneurysmal bulge 4 cm. in diameter; its outer 
wall was 1 mm. in thiclmess. 

There were no other coronary occlusions and no fresh thromboses were found. 
The left anterior descending coronary arterj’ was small, and some of its branches 
showed a few yellow plaques. The left circumflex artery was small, and its walls 
were smooth and thin. 

The lungs showed passive congestion. One healed tuberculous nodule was found 
in the right upper lobe. There was evidence of former pleurisy on the right side. 
The pulmonary arteries were prominent, definitely dilated, and their walls were 
thickened by yellowish-gray, atheromatous plaques. The bronchi were moist and 
red and contained a little mucoid material. 

The liver weighed 1,960 grams. It was pale, grayish brown, and rather firm. 
The capsular surface was irregular but not nodular. It cut with difficulty, an 
surfaces made by cutting were pale and yellowish-brown and showed indistinc 
lobular markings. The hepatic veins were much larger and more prominent than 
normal. The gall bladder and bile ducts were normal. 
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Fig'. 2. — A. Heart of C. W. H., ■v\Mtli left ventricular cavity exposed to vieiv. Tlie 
aortic valve is seen above, tlie mitral valve lies below it. Beneath the mitral valve 
there is a dark area, roughly 1x2 cm. This is an opening into the aneurysm of the 
posterior wall of the left ventricle, whicli lies behind the papillary muscle and is 
formed in part by the ventricular septum. The probe passes through the septal per- 
foration, which enters the aneurysm, and its tip is visible as a shiny spot in the 
center of the dark area. Note the thickening: of the left ventricular wall. 

B. The right ventricular cavity opened, with a probe inserted behind a papillary 
muscle into the opening of the septal defect. ''X” indicates the plaques observed 
where the blood current flowing: through the septal defect probably struck the endo- 
cardium of the rig:ht ventricle. 
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Tlie kidneys were of normal size, shape, and consistency. The left weighed ICO 
grranis: the riglit, IdO grams. The capsule stripped with ease, reveahng an evenlr 
granular, dark blue surface. The cut surface was dark bluish red and bloody. The 
cortex Avas dark blue and the di/Terentiation poor. The pekes, ureters, and bladder 
were normal. , 

Many of tlie organs showed chronic passive congestion, but in other respects Avere 
not remarkable. 

msioJogic miulics.~The larger arteries in the kidneys shoAved fibrous intimal 
tJiickening. The afferent A-essels and the remainder of the kidney tissue were normaL 
Dr. Balduin Lucke, after making a careful examination of the renal tissue, stated 
that he saAA- no histologic CA'idence that the long continued administration of 
mercurial diuretics had caused kidncA' damage in this patient (Fig, 3). The liA-er 
AA'as the seat of early portal cirrhosis. The lungs showed numerous clumps of 
phagocytic, broAA-ni.sh, pigmented cells in the ah-eoli, and some recent hem- 
orrhages. The arterial AA-alls Avcre con.siderably thickened, both by intimal 
fibrous plaques and mu.'^cular hypertrophj’. This arterial change varied considerably 
from vessel to vessel. The diaphragmatic pleura on the right side showed dense 
fibrous scarring, with numerous dilated vessels. 



pSlUd a'imISi.StiSr 

rial diuretics. 


ffearf.-A section from the septum at the edge of the aneurj-sm shoAved com- 
plete destruction of the muscle and replacement by a narrow band of dense hyahne 
Sir ttme A little further from the perforation the septum showed large patches 
S Url^I sue between hypertrophied muscle fibers. The sear con amed numerous, 
ilatd caplLies. A secHon from the apex of the left ventricle shoAved only scat- 
W email scars. A section from the right ventricle, made through one of the 
A Plaques, showed that these structures were dense, relatAvely 
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acellular, hyaline and faintly fibrillar, collagenous scar tissue, confined to the endo- 
cardial surface, not extending into the muscle. They were apparently produced by 
the abnormal blood current striking the endocardium, and were obviously not overly- 
ing any areas of myocardial infarction. 

In conclusion, the autopsy observations were in keeping with the clinical opinion 
that the infarct and perforation of the posterior part of the septum occurred at 
or about the time of the attack in the autumn of 1936, four years and ten months be- 
fore the patient’s death. 


DISCU.SSION 

AYe ]iave found reforenco.s lo thirly-.six eases of inlerventrieular septal 
]tcrfora1ion Ihroiigli an area of infaretion.-"’® Since Sager’s- excellent 
review, a gi'caler nninlier of re])or(.s have aipiearecl, and in more eases 
the diagnosis is being made ante mortem. In seven eases, so far as we 
know, the condition was diagno.scd during the jiaticnt’s life.^’ 

As a rule, the diagnosis is relatively easy to make. AA’’hen a patient with 
a recent cardiac infarction develops a loud, rough, systolic murmur and 
thrill in the lower sternal region, which had not been present before, the 
chance that an acquired septal perforation has occurred is great. Usually 
there is an attack, or some abrupt change for the woi-se in the patient’s 
condition, to signal the moment of the perfoi-ation, although we could not 
ascertain the exact time in our case. Thei’c are only three possible diffi- 
cultie.s, of which we are awai-e, in making the diagnosis: (1) A patient 
with a congenital interventricular septal defect., who subsequently de- 
veloped a cardiac infarct, if not .seen prior to the infarction, might be 
thought to have acquired the sejital performation through an infarcted 
area. (2) llupture of a jiapillary mu.scle after cardiac infarction 
might conceivably jiroduce a murmur which could be confused with that 
of an acquii'cd .sejital jicrforation (Brunn,’" Case I). AA^e have never 
seen an example of this lesion, but A’'oigt-“ has published a complete re- 
view of all the nine known cases. Eight of these were probably the re- 
sult of cardiac infarction. In four of the nine cases reported by A^oigt 
there were no striking auscultatory abnormalities. (3) In certain pa- 
tients with coronai-y thrombosis and septal perforation and with marked 
depression of the circulation, the miuanur juay be absent (Bickel and 
Mozer,® Case 2) or not veiy loud, and the thrill may be absent. 

The location of the recent infarct in the majority of the reported cases 
was in the anterior surface of the left ventricle. The subject of this case 
report is one of the few with posterior infarction. AA^'e ImoAv of only five 
others in which septal perforation occurred as a result of posterior in- 
farction.^’ 

The duration of life in these ea.ses is usually very short after the septal 
perforation takes place. Only seven of the reported patients are thought 
to have lived more than a month,®’ ”’ ”• and none of these is 

known definitely to have lived as long as a year. Therefore, our patient, 
who lived four years and ten months after the development of signs of 
septal perforation, survived at least four years longer than any other 
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patient of wJioin we are aware. He was a relatively young man who 
had an occlusion of tlie right coronary artery, Imt, subsequent to tlie 
original attaclc, he had no further coronary thrombosis. The fact that a 
fairly small part of liis myocardium was damaged may account for his 
long survival. 

Stem s patient uas the 01113 ’^ other one to whom we could tind refer- 
ence ill the literature witli a right bundle branch conduction defect. 
Thi.s inai haie been caused b 3 ’' damage to the right branch of the bundle 
of His as a result of the infarction and septal perforation. 

All patients who liave survived an acquired septal perforation for any 
length of time have shoini “right ventricular” failure, of which the out- 
standing features are c 3 mnosis, edema, hepatic and venous engorgement, 
and often ascites. 

There are a number of reports in the literature of long continued ad- 
ministration of mercurial diuretics witliout clinical evidence of renal 
damage.*^'’® Tlie reports witli necrops}- stud 3 " of the kidne.ys are rela- 
tively few, and the amounts of diuretic received are relativelj^ less (240 
e.c., maximum).'®* We have not made a complete surve 3 ^ of the litera- 
ture, but we have not encountered a report- of any patient who received 
as inucli as our patient did and who subsequentl}’' came to necropsy.'^ 
He had about 350 injections, and a total amount of about 650 c.c., over 
a period of four and a half imars, and, at necrops.v, sliowed no evidence 
of renal damage. 

SUMMARY 

The patient described in this report had eoronar.y occlusion in 1936, 
at the age of forty-four, and perforation of the ventricular septum 
through the infarcted area ; he lived four 3 ’ears and ten months after this 
complication occurred. He led a fairl 3 ' active existence during that time, 
despite continued congestive heart failure. He received approximately 
650 c.c. of mercurial diuretics to control edema. No evidence of renal 
damage was found at neerops 3 L 

We wish to express our appreciation to Dr. Balduin Lucke and to Dr. Warner F. 
Slieldon for making the pathologic studies described in this report. 
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THE EFFECTS OF POSTURE ON THE VELOCITY OP BLOOD 
PLOW FRO]\r ARJI TO TONGUE 

jMorris Wilburne, IkI.D, 

Chicago, III, 

A ]MARKED divergence of opinion exists as to the effects of posture 
on the Yeloeit.y of blood flow and on cardiac output. Thompson 
Alper, and Tliompson,^ empIo%nng brilliant vital red, observed a pro- 
nounced increase in botli the arm-to-foot and foot-to-arm circulation 
times in tlie standing-still posture, as compared to the recumbent posi- 
tion. Further, when they produced moderate venous congestion in a 
lower extremity by the application of a tourniquet, wth the subject 
in the recumbent position, the appearance of the dye was delayed to 
approximately the same degree as in the standing-still position. Bock, 
Dill, and Edwards* found that the liistamine circulation time (ankle-to- 
faee) in the standing position was 1% to 41/2 times greater than in the 
recumbent position. IMayerson, Sweenej’", and Toth,^ Avho studied eleven 
normal male subjects, observed a marked increase in circulation time 
when the subject was tilted passively from the horizontal position to an 
angle of 75° vutli the horizontal; the t&sting agenU was injected into 
the foot vein. However, in those instances in which the agent was injected 
into the antecubital vein, their results were equivocal. Kvale and Allen® 
noted a longer aimi-to-foot circulation time'* in the upright posture than 
in the recumbent position, but the arm-to-tongue results were variable, 
i.e., the time was increased in 4 subjects, reduced in three, and un- 
changed in one. More recently, Slain and Bakei’® fomid no significant 
difference in arra-to-tongue circulation time (calcium gluconate) be- 
tween the recumbent and standing positions in eleven subjects. 

In accord with the obseiwation that there is a reduction in velocity 
of blood flow in the upiight posture, many investigatoi’s'*^® have found 
that the minute cardiac output is reduced in the upright posture. Con- 
versely, the contention of some workers^*’ that posture exerts no 
influence on cardiac output would tend to support those studies in which 
blood velocity was found to be unaffected by changes in posture. 

The present study was undertaken to compare the arm-to-tongue time 
in two positions, namely, with the body horizontal, and with the legs 
dependent. 

aiETHOD 

Twenty-one male and three female subjects between the ages of 20 and i2 
were studied. All but one were either free of heart disease or exliibited no climca 
evidence of congestive heart failure; the exception had slight signs of congestion. 

From the Cardiovascular Department, Michael Eeese Hospital, Chicago, Bl. 

Aided hy the A. D. Hast Fund for Cardiovascular Research, and the John D. 
Fanny K. Herz Fund. 
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Each subject rested 10 to 15 minutes in the recumbent (horizontal) position. 
The circulation time from an antccubital vein to the tongue was then measured with 
calcium gluconate,* using 4 c.c. of solution. Tlie subject was then propped up in a 
comfortable sitting position, with both legs dependent over the edge of the bed; 
care was taken that muscular elTort be avoided or kept at a minimum during the 
change of position. After another 10 to 15 minutes’ rest, the circulation time was 
again mea.sured. The patient was then returned to the previous recumbent posi- 
tion, and, after another rest of 10 to 15 minutes, a third measurement was made. 
All injections were made into the antecubital vein at the level of the right auricle. 
A total of 73' measurements was taken; a fourth test was made in one case as a 
check (40 minutes after the third measurement) because of a series of unexpect- 
edly high figures. 

RESULTS 

Tlie circulation lime tvas "rcater in llie silling, Icgs-dependent posi- 
tion than in llie rccumhcnt posilion in 35 subjects, less in 7, and 
equivocal in 2. Of the 15 subjects who had a longer circulation time 
in the sitting, legs-dependent position, 12 showed an avei’age recumbent 
circulation time within the nomial limits of 8 to 16 seconds, and 3 ex- 
ceeded 16 seconds. Of the 7 subjects whose circulation time was less in 
the sitting, legs-dependent position, 5 had an average recumbent time 
greater than 16 seconds (2 of these were subjects with auricular fibril- 
lation without demonstrable congestion), and 2 exhibited a nonnal 
recumbent time. In the 2 instances in which t he results were indefinite, 
the average recumbent time was normal. 

DISCUSSION 

Some of the slight changes in circulation time between the recumbent 
and the sitting, legs-dependent position were probably within the limits 
of experimental error. However, in many cases the figures were suffi- 
ciently different to indicate changes outside the experimental error, espe- 
cially since the effect was reversible. Even the slight changes in circu- 
lation time in some of our patients were probably real because they 
were also revereible, but the fact that the differences sometimes ap- 
proached the experimental error makes the results less striking and 
may explain some of the differences between our results and those previ,- 
ously reported. The contradictory observations in some previous re- 
ports may also have been the result of failure in some cases to consider 
the fact that in the standing position there are increased muscular tone 
and swaying which exert a milking action on the venous reservoirs, so 
that there is less pooling than occurs in the sitting, legs-dependent 
position. 

However, some of the differences are the resultant of two opposite 
effects of the change in posture on circulation time, namely, (a) a I’educ- 
tion in the venous return in the sitting, legs-dependent posture, and 
(b) a nan'owdng of the vascular bed between the point of injection and 

*A 20 per cent solution of calcium gluconogalactogluconate (Neo-Calglucon) was 
generously supplied by the Sandoz Chemical Works. 
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Table I 

Subjects With Increased Circulation Time In Sitting, Legs-Dependeni 

Position 


I. Subjects With Xormal Average Eecumlent Time 


NO. 

SUB- 

JECT 

AGE 

A’E-VRS 

DI.S.GNOS1S 

RECUM- 

BENT 

sec. 

SITTING, 

LEGS- 

DEPEND- 

ENT 

SEC. 

P.ECDM- 

BENT 

SEC. 

]. 

E. A. 

.SC 

Diabetes niellitus 

12.7 

16.4 

12 9 

2^ 

C. C. 

ss 

Cholecystitis 

12.8 

16.0 

14.7 


S. S. 

42 

Dia^osis undetermined 
(No cardiac disease) 

15.3 

20.0 

16.2 

i 

E. L. 

35 

Diagnosis undetermined 
(No cardiac disease) 

12.7 

17.4 

12.8 

5. 

R. .1. 

45 

Hemorrhoids ; hernia 

14.3 

15.4 1 

12.2 

6. 

J. N. 

44 

Old (3 years) healed myocardial 
infarct 

11.0 

i 

13.2 

12.0 

7. 

A. A", 

.S3 

Anorexia and •weakness of unde- 
termined etiology 
(No cardiac disease) 

lO.S 

11.9 

10.4 

S. 

E. AL 

35 

Amebiasis 

10.3 

11.3 

9.7 

9. 

J. S. 

41 

Pneumonia (recovered) 

lO.S 

12.4 

11.7 

10. 

F. K. 

37 

Epilepsy 

13.4 

14.7 

13.9 

11. 

M. S. 

20 

Chronic ulcerative colitis 

11.0 

11.7 

10.3 

12. 

S. B. 

6G 

Anal fistula 

13.0 

15.2 

15.0 


II. Subjects With Prolonged Average Becujnbent Time 


1. i 

I. K. 

54 ! 

Beriberi heart disease (treated) 

16.0 

17.0 , 


2. 

P. H. 

45 

Pneumonia (recovered) 

18.0 

19.6 


3. 

L. R. 

48 

Arteriosclerotic heart disease 
Diabetes mellitus 

Early signs of congestive failure 

20.0 

' 

2.3,8 



Table II 

Subjects With Decreased Circulation Time In Sitting, Legs-Dependent 

POSITION 


I. Subjects With normal Average Eecumbent Time 






RECUM- 

SITTING, 

LEGS- 

RECUM- 

NO. 

SUB- 

JECT 

AGE 

YEARS 

DIAGNOSIS 

BENT 

SEC. 

DEPEND- 

ENT 

SEC. 

BENT 

SEC. 

1. 

L. S. 

1 oq 

1 oO 

Hernia 

12.4 

10.6 

ll.S 

2, 

H. C. 

50 

Rheumatoid arthritis 

12.4 

10.1 

10.7 


II. Szibjects With Prolonged Average Pecumbent Time 


1. 

S. B. 

72 

A^rteriosclerotic heart disease, 

26.0 

22.4 

29.6 




auricular fibrillation. (No clini- 
cal e'vidence of congestion) 


13.9 

16.4 

2. 

L. M. 

69 

Arteriosclerotic heart disease 

16.3 



i 

(Noneongestive) 

Diabetes mellitus 


18.6 1 

25.0 

o. 

J. W. 

58 

Angina pectoris (No clinical evi- 

21.4 1 




dence of congestion) 

Recumbent repeateu 4u nun. 




later 24.o 


4. 

L. B. 

53 

Neuritis? (No clinical evidence 

18.4 

16.8 

17.3 




of congestion, or heart disease) 


16.4 

17.2' 

5. 

N. AT. 

52 

Auricular fibrillation, etiology un- 

IS.O 




determined, (No clinical e'vi- 
denee of congestion) 
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tlie of response, ospccinlly in i.lio ])ulinonnry bod. If: would appear 
Ibal, in heallli flic cfTect of incehanism a (Diagram I) predominates, but 
not always suffieicntly lo neulralize the elTeet of mechanism h. In con- 
gc.slivo heart failure, whether rceognizahlc or not, Avith its increase in 
circulafing blood volume, tlie effect of mechanism h appears to pre- 
dominate u.sually. 

Diariram I 

Silfijig, Lf'^H-Depeiulonl Po.sition causes 

1 

Pooling of l^lood in Lower Kxtreiniijos; this onuses 

/ \ 

(t 1, 

Itoduced Cardiac Outjuit, and iience Reduced Cross Section of Arni-Tongue 
I Vascular Rod, Chiefly in the Pulmonary 

! Circuit, and hence 

I ! 

i I 

Increased Circulation Time Decreased Circulation Time 

The results of this study offer an objective mea.sure of the diminu- 
tion of pulmonary engorgement brought about by the supine posture, 
witli logs dependent, in eases of orthopnea. Tlio spontaneous tendency 
of patients ivith congest ivo failure lo assume the logs-dependont position 
at the edge of the hod is prolaihly c.vplaiiied by the fact that this position 
le.ssens pooling of blood in the ]ung.s. Our results support the conten- 
tion that a reduction in minute cardiac output and jiulmouaiy stasis 
occurs in the ui)right posture, incident to a diminution in circulating 
blood volume'' cau.sod by jjooliug of blood in the lower extrcmitic.s.'® 
When there is congestion of the lung.s, the latter effect dominates; othei’- 
wise, the former lends to ho the more prominent. 

SCMMARY AXD CONCLU.SION.S 

Circulation lime .studies l>y the calcium gluconate arm-to-tongne 
method indicate that when the eirenlation lime in the recumbent posi- 
tion is normal, the values in the sitting, legs-dependent position (which 
eliminates lo a large extent the muscular contractions and .swaying inei- 
dont to standing) tend to he higher than in the recumbent ])osition. 
However, Avhen the circulation lime in the recumbent position is pro- 
longed, the circulation time in the upright, position lends to be lower. 
This substantiates the observations that minute cardiac output is less in 
the sitting and standing positions than in the recumbent position. How- 
ever, the decrease in the pulmonary bed on changing from the recum- 
bent to the upright iiosition is apparently relatively greater in patients 
Anth congestive heart failure than in normal persons. 

I wisli to express niy appreciation to Dr. L. N. Kats;, under whose guidance this 
study was undertaken, for his valuable advice and criticism. 
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Till-: I'SK OK J’AI’AVKKIXH AS AX OB-IECTIVE I\IEASUKE 
OF OIHOKLATIOX TIME 


Sti'.i’hi'.n K. Em'.k, and Svlvax D. SoLAn^;,®' ]\I.D. 

CniCACo. Ti.i,. 

D ESPITJ'I llu; (lovolopnu'nt anti n])])li<‘alinn of miuici'ous inetliods for 
nu'asurinir cirfulatioii (imo in luan,'- * llierc arc fow that are simple, 
reliahlo, and ohjoetivc. In llie ctiurse of clinical sindics of papaverine 
hydrochloride, a snddcii ilccjx'ninir of res])iration shoi-tly after injec- 
tion vas almost nnifoianly noted: this observation snt:c:csted that this 
dmii miirht be \ised ttt obtain an objective measure of eircnlation time. 
This report jiresmits :i discussion of the method evolved and the results 
obtained in normal anti in some abiunnial states. 


Ti;ciiNiQi’i; 

Aftt'r prcliiniiuiry tests, tlie Pillowiiifx tc('liiii(|iic was csttiltlisliod. Tlio I'aticnl 
lies sn|iiiip in a (jnict room ftir tit least live niinntcs hefore the test is performed. 
He is informed niiont wluil will jirobtildy occur tind nslted to refrain from congh- 
ing, sighing, or vtdnntarily taking a deep lir(>ath. The pulse iind resj)iralory rate 
are noted, and ]>!irlicutar attention is p.aid to the tlejuh and character of the respi- 
ration (intercostill iind iiiidominal lireatl(ing'), so tliiit ciiangos may lie quickly ob- 
served. Th(! nntecuidtfil vein is used for injection, and for this purjioso the arm 
is placed on a jiillow so tlmt the level of the sit*' of injection is nbout 10 cm. above 
tlie jinsterior Jtsillary lint-. .\ U c.e. Luer syringe ai\d a 20-gauge needle arc em- 
ployed for the injection. About ten seconils are allowed to ela])se between inser- 
tion ()f the needle .and inji'ction of the drug in order trj circumvent the circulatory 
effects of tin' prick of tlie needle iuid the venous coiigi'slion jiroducod by tlie tour- 
niipiet. The pajptivi'rine liytlrticliloridel is injeeted witliin one second, and the cir- 
culation time is elocked uitli .a stoji w:iteh in tlic iisnnl way. The end point will 
be described below. 

Knd I’oinl . — The end point is similar to that oitserved by Kobb and Weisses witli 
tlie sodium eyiuiide metiiod. It is signalled by .a sudden, deep inspiration, with 
employment of the abdominal muscles, whieli iiiterrujits the usual phase of respi- 
ratioa, and is at times aci-om]iaaied t>y a sigh or gentle exclamation. Tliis is com- 
monly followed by visible Hushing of the face or cheeks, or a feeling of facial 
warmth, a sensation of throbbing in tlie temples, mild dizziness, and, less fre- 
quently, acceleration of llio heart. The tachypnea lasts fifteen to sixty seconds, 
averaging about thirty seconds. It is usually not distressing, and the otlier symp- 
toms are well tolerated when the recommended dose is used. The end point is 
sharp and easily recognized. In dyspneic jiatients it is manifested by a .sudden, 
deep inspiration, togetlier with full use of the intercostal muscles, o.specialb- the 
»pper ones. 

l-'roin tlie Cardlov.aseulnr Peiiartnienf. Jllclmel Heose Hosiiitnl. CliiciiKO. 

Aided t)y tlie A. I>. Must Fund for Ciirillovasculnr Researcli. 

Kecelvod for publication Alay 13, 1012. 

'•Sunset Camp Fellow. 

IKlndly supidled by Dr. K. K. Chen, of KlI lAUy and Company. 
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Dosagc.—AftGv extensive preliminary trials we found that 40 mg, (1 25 c c ) 
was the most satisfactory dose; it uniformly gives a sharp end point with a mini- 
mum of side reactions. A dose of 32 mg. (1.00 c.c.) may be used successfully but 
occasionally we have obtained no end point with it or one that is not easy to 
distinguish. 

That the circulation time was not significantly affected by the amounts used 
was shown by duplicate measurements on two patients with increasing doses of 
papaverine hydrochloride, ^dz., 32, 40, 48, and 56 mg. These amounts were in- 
jected at two to ten minute inter^mls. As shown in Table I, the result was not 
significantly changed with doses between 32 and 56 mg.* With 48 mg. or more 
the tachjTonea becomes distressing, and the patient complains of feeling "knocked- 
out”; in addition, headache and a general feeling of weakness may ensue. 

Table I 


Effect of Increasing Doses op Papaverine on the Circulation Time 


SUBJECT 

DO.SE OP PAPAVERINE 
(MG.) 

TIME OF END POINT 
(SEC.) 

1. P. H. 

32 

25.4 


40 

27.0 


48 

22.6 


56 

! 21.4 

1 

2. L.K. 

32 

24.8 


40 

24,2 


48 

24,2 


56 

1 21.6 


With doses of 40 mg., duplicate tests may be made at two to five minute inter- 
vals without untoward symptoms or a change in the circulation time (Table II). 
Papaverine is not irritating locally and does not cause necrosis. 


RESULTS 


Fifty patients, t selected at random, were studied. This group in- 
cluded some patients with heart disease, but without any subjective or 
objective manifestations of heart failure. There were 41 men and 9 
women, and their weights varied from 100 to 200 pounds. The dis- 
tribution according to age was as follows : 8 were between 15 and 20, 
5 between 20 and 30, 9 between 30 and 40, 10 between 40 and 50, 10 
between 50 and 60, and 8 between 60 and 70 yeai's of age. 

The range of values for the circulation time Avith papaverine variec 
from 15.4 to 27.0 seconds ; the average Avas 20.8 seconds. 

In 24 of these patients duplicate measurements were done at 2 to 5 
minute inter Amis (Table II). As shcAAOi in this table, the repioduc 
ibility of the results Avas good; the range of differences betAveen any 
tAAm measurements Avas 0 to 3.0 seconds, and the average, 1.2 seconds. 

Table IH and Table IV list the data on 6 patients Avith congestive 
heart failure and 4 patients Avith clinical and laboratory evidence of 
hyperthyroidism, respectively. Measurements Avith decholin Avere also 
made on the former at the same time. In patients with heart failure 


*The difference in results with these two doses in subject P- same 

ond greater OmVthe range of variation after duplicate measurements with the sam 

dose (see Tabie II). 

tNormal in the sense defined by Robb and AVeiss.’ 
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Table II 


Duplicate INIeasurements op Papaveuine Circulation Time 


SUBJECT 

dose op 

PAPAVERINE 

MO. 

TIME OP END 
POINT 

.SEC. 

DIPPERENCE 

SEC. 

1. n.p. 

40 

24.2 

0.6 


40 

24.8 


2. I.K. 

40 

22.4 

0.4 


40 

22.0 


.S. M.L. 

40 

19.4 

1.6 


40 

21.0 


4. C.W. 

32 

25.4 

0.6 


32 

26.0 


CJI 

40 

18.0 

0.6 


40 

17.4 


C. H.L. 

40 

27.0 

2.0 


40 

25.0 


7. .T.LaF. 

40 

21.2 

0.4 


32 

21.6 


S. S.E. 

40 

15.4 

1.0 


40 

16.4 


0. T. F. 

64 

17.2 

0.8 


64 

18.0 


10. V.\X. 

64 

17.5 

1.5 


64 

19.0 


11. I.V. 

40 

2G.S 

1.3 


40 

25.5 


12. A. IV. 

40 

18.6 

2.4 


48 

21.0 


13. II. C. 

64 

17.2 

3.0 


64 

20.2 


14. E. E. 

40 

21.6 

0.6 


40 

21.0 


15. F. D. 

40 

20.8 

0.4 


40 

20.4 


IG. IT.M. 

32 

19.2 

1.4 


4.8 

20.6 


17. J.D. 

48 

17.6 

1.0 


56 

16.6 


18. ri.w. 

32 

17.8 

1.2 


48 

19.0 


19. E.L. 

32 

17.4 

1.4 


48 

18.8 


20. H.W. 

40 

20.2 

1.2 


40 

21.4 


21. W. E . 

40 

26.8 

0 


40 

26.8 


22. W.D. 

40 

17.0 

2.0 


40 

19.0 


23. J. M. 

40 

17.0 

1.2 


40 

18.2 


24. P. H. 

40 

24.2 

0.6 


40 

24.8 



Range of variation between two successive readings is 0 to 3.0 sec. 
Average difference is 1.2 sec. 
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Table in 

Circulation Time in Congestive Heart Failure 


PATIENT 

ETIOLOGIG BIAGNOSIS 

RESPIRATORY 

RATE 

PULSE 

Rate 

TEST 

time op 

1 C? T> 



PER MIN. 

PER MIN. 

SUBSTANCE 

end point 

i* I\, 

Hypliilitic heart 

disease 

30 

92 

Papaverine 

oO 2 

2. W. H. 

Ehemnatie and 
tensive iieart 

liyper- 

disease 

20 

80 

Papaverine 

Decholin 

38.6 

30.8 

3. J. C. 

SjTiliilitic heart 

disease 

38 

! 112 

Papaverine 

48.0 



i 



Decholin 

30.S 

4. T.G. 

Possibly beriberi heart 
disease 

38 

SO 

Papaverine 

Decholin 

115.8 

63,6 

5. P.M. 

Arteriosclerotic 

disease 

heart 

22 

92 

Papaverine 

60,4 

C, E. C.* . 

Arteriosclerotic 

disease 

heart 

32 

92 

Papaverine 

Decholin 

60 

33 


•Discussed in text. ~~~ ~ 

Hange of papaverine circulation time is 38. G to 115.8 sec. 
Range of decholin circulation time is 30.8 to 63. G sec. 


Table IV 


Circulation Time in Hyi'ertuyroipism 


PATIENT 

BASAL 

METABOLIC 

RATE 

PULSE RATE 
PER MIN. 

TEST SUBSTANCE 

i 

TIME OF 

END POINT 

SEC. 

1. I. S. 

+26 

108 

Papai’erine 

13.3 

ii, Jj, T)» 

4-6 

100 

Papaverine 

13.8 




Decholin 

8.8 

3. E.P. 

+19 

132 

Papaverine 

13.4 

4. L. B. 

4-34: 

100 

Papaverine 

11.7 


The results obtained vuth papaverine in the control series tvere com- 
pared ivith those of a subjective test, in which 4 or 5 e.e. of a 20 per 
cent calcium gluconate" solution were used; this test was done either 
shortly before or after the papaverine test, or within one to two days 
of the" latter. The imlues obtained in 18 patients are presented in 
Table V, which shows that the calcium giueonate circulation time dif- 
fers from the papaverine time by 0.6 to 12.4 seconds. The fact that 


•Neo-Calglucon, which was kindly supplied by Sandoz and Company. 








EhElC AND SOLARZ; PAPAA'ERINK AND CIRCULATION TIME 


825 


the former estimations are within the normal range further indicates 
that there was no circulatoiy failure in the patients studied. 

Table V 


CojrPAKisoN OF Papavekine anp Calcium Circulation Times 


sub,tect 

TEST SUBSTANCE ' 

TIME OF END POINT 

1. S.R. 

j Papaverine j 

15.9 


C.alcium 

13.7 

2. P. H. 

Papaverine 

24.8 


Calcinm 

18.0 

3. J. D. 

i Papaverine 

17.6 


Calcium 

14.0 

•i. E.M. L. 

Papaverine 

17.4 


Calcium 

1 

12.8 

5. A.T. 

Papaverine 

21.8 


Calcium 

12.4 

6. C.M. 

Papaverine 

20.6 


Calcium 

20.0 

7. H.W. 

Papaverine 

18.4 


Calcium 

15.4 

S. D.D. 

Papaverine 

27.0 


. Calcium 

19.4 

9. J. D. 

Papaverine 

15.4 


Calcium 

11.2 

10. H.Y. 

Papaverine 

15.8 


Calcium 

9.0 

11. J. T. 

Papaverine 

20.8 


Calcium 

18.2 

12. E. S. 

Papaverine 

21.2 


Calcium 

12.6 

13. W.N. 

Papaverine 

19.2 


Calcium 

15.0 

14. P. K. 

Papaverine 

22.0 


Calcium 

13.4 

35. S.B. 

Papaverine 

25.4 


Calcium 

15.0 

16. E. C. 

Papaverine 

25.0 


Calcium 

16.0 

17. M.G. 

Papaverine 

16.0 


Calcium 

1 10.6 

18. J.M. 

Papaverine 

26.2 


Calcium 

13.8 


Range of papaverine circulation time is 15.4 to 27.0 sec. 

Range of calcium circulation time is 9.0 to 20.0 sec. 

Range of aifference between papaverine ana calcium times is 0.6 to 12.4 sec. 
Average difference between papaverine and calcium times is 6.1 sec. 


DISCUSSION 

Robb and Weiss® have clearly defined the requisites of any agent 
which is given intravenously as a measure of circulation time, namely, 
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siiouJd be nontoxw m the doses employed; it should not influence 
the velocity of blood flow until the signal reaction has occurred - it 
should be quickly maetivated, so that a second measurement may be 
made within a few minutes; and the end point should be easily recog- 
nised. Our results show that papaverine adequately fulfills these re- 
quirements. 


Papaverine hydrochloride has the advantage over sodium cyanide of 
being readily available in Iviiown concentrations in sterile solution, and 
the small volume of solution which is used can be rapidly administered. 

In^ addition to this, papaverine hydrocldoride has been used thera- 
peutically in the treatment of conditions associated with smooth muscle 
spasm, as, for example, pulmonaiy embolism® and peripheral embo- 
lism,'* Furthermore, work on animals in this laboratory has shown 
that papaverine hydroeliloride is a potent and lasting coronary dilator,'* 
that it can prevent or reduce artificially induced ventricular fibrilla- 
tion,® and that it will abolish or diminish artificially induced ventricu- 
lar premature systoles in the dog.® We have applied this information 
clinically' and have found that when this drug is given intravenously 
or orally it is efficacious in the treatment of the anginal syndrome and 
of premature sj^stoles. Papaverine can also be administered intrave- 
nousl}’’ as a temporary measure to abolish or reduce single or multiple 
ectopic premature contractions." Thus, onr evidence indicates that this 
drug may be employed intravenously for simultaneous measurement of 
the circulation time and attainment of some therapeutic effect which 
might be desired, as, for example, in pulmonary embolism. We are not 
aware of any therapeutic possibilities possessed by sodium cyanide. 

Robb and Weiss® eonelnded, from indirect evidence in man and more 
direct emdence in animals, that sodium cyanide acts on the carotid 
sinus, and hence gives a measure of the arm-carotid sinus time. The 
fact that the range of our measurements, as well as the average for 
papaverine, is longer than that obtained with the sodium cyanide method 
by about five to six seconds suggests the following possibilities : 

1. Papaverine has a slower effect on the carotid sinus in the dosage 
recommended. 

2. It acts on a center more distal fi’oni the heart than the carotid 
sinus, i.e., the respiratory center in the medulla. 


We are not acquainted with any w'ork on the action of papaverine on 
the carotid sinus in animals. MaehP® has said that papaverine appai^ 
ently stimulates the respiratory center in the intact, unauesthetize 
rabliit. Our results with papaverine are nearer the values obtained 
with the histamine circulation time test (thirteen to thirty seconds, 
avera«-e twenty-three seconds®) than those with the cyanide methoc . 
Histamine® is believed to cause dilatation of the smaller blood vesse s 
of the skin and brain. As previously mentioned, papaverine common y 
o»ses visible flushing of the face. Hence, the evidence, although md,- 
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rect, suggests that this drug acts on a site beyond the carotid sinus, 
possibly on the blood vessels of the brain, or, more likely, on the respi- 
ratory center. Accordingly, for the present, at least, papaverine may 
be considered to offer a measure of the arm-respiratory center circula- 
tion time. 

SUMMARY 

1. A new, simple, reliable, and objectiA’e method, which utilizes papa- 
verine hydrochloride intravenously, is deserilied for the measurement 
of circulation time. The end point consists of a sudden, deep inspiration. 

2. The recommended dose is 40 mg. (1.25 c.e.). The average time for 
50 normal persons Avithout evidence of heart failure was 20.8 seconds ; 
the range extended from 15.4 to 27.0 seconds. 

3. Duplicate measurements may be made Avithin 2 to 5 minutes ; the 
estimations vailed by no more than 3 seconds, and the Amriations aA'-er- 
aged 1.2 seconds. 

4. Indirect evidence suggests that, iiapaverine hydrochloride may meas- 
ure the arm-respiratory center circulation time. 

5. Whenever papaverine is giA’en intravenously for therapeutic rea- 
sons, the circulation time may readily be measured simultaneously by 
means of the above technique. 

It is a plou.sure to acknowledge tlie advice and criticism of Dr. Louis N. Katz, 
under whose guidance this study was carried out. 
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COAKCTATION OP THE AORTA, WITH RUPTURE OP THE 
WALL BELOW THE POINT OP CONSTRICTION 

Report op a Case and Review of the Literature 

Vicente Moragues, M.D., Louis T. Mooee^ M.D., and 
Julius A. Eossen, M.I)., St. Louis, Mo. 

N ABBOTT’S^ series of 200 cases of the adult type of coarctation 
1 and in Benkwitz and Hunter V seines of 75 eases (52 of adult type), 
the causes of death were; (1) cardiac decompensation, 38 per cent; 
(2) rupture of ascending aorta, 17 per cent; (3) cerebral lesions, 13 
per cent; and (4) mycotic endarteritis, 7 per cent. In the two series 
comlhned, there Avere only three cases of rupture of the aorta below the 
constriction. Goodson,^ in 1937, and Hecker,^ in 1939, reported two more 
eases of coarctation of the aorta with rupture of the wall below the site 
of coarctation. Tlius, in all, five cases of coarctation of the aorta, with 
rupture of the wall below the point of constriction, have been reported. 
We present another case of the same type in which there were some other 

interesting features. 

case report 

A. c,ove..5Wold boy ^vas btoiUed to toe boBpital .ith »„plaintB .( 

emesis, dyspnea, and prccordial pain. Hlnesses acciaents, or opeia- 

He had measles at the age of three, bn n ^ delivery 

tions. The family history ivas negative. The boy ivas born at 
ivas easy, and gi'owth and development had been norma • 

The boy was in good health until three mon is ' ^ playing 

increasing dyspnea and was forced « ^nt Tf sputnl In spite of 

entirely. He had an occasional cough and ^ J and difSculty 

medication he became worse, with ^-'cessive J P ’ and complained 

in sleeping. One week before admission ftee of blood and 

of precordial pain and admission he awoke at 10:00 

was described as a ' phlegm. „offee-ground material. Later he spat up a 

o'clock and vomited a |e again vomited blood and became 

quantity of bright red blood, f 

unconscious. He passed a large black ^oo^^^ ^ ^ell-developed but rather poor y 

Physical Exammaiton.—The pa marked dyspnea and a reman 

nourished boy who appeared acutely d . Ld the pulse was ex- 

able pallor of the head, eyes, ears, and nose was negatne 

t^rapid (170). ,ebool 

From the Departments of Pathology an 

of Medicine. ,0 ^941. 

Beceived for puWication June 
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There was marked pallor of the buccal mucous membrane. The chest was sthenic in 
type and breathing was rapid. Sibilant rales were heard throughout the chesty both 
on inspiration and expiration. The breath sounds were bronchovesicular. Percus- 
sion was resonant throughout. The heart rate was 170 per minute and the rhythm 
was normal. The apex impulse was diffuse, and the outer border of cardiac dull- 
ness was in the fifth intercostal space, 8i/A cm. from the midline. There was a loud 
systolic murmur in the aortic area, transmitted to the great vessels, and a soft 
systolic murmur in the mitral area, transmitted to the axilla. There w'as reduplica- 
tion of both aortic and pulmonic second sounds. The abdomen was scaphoid and 
tender throughout. The liver was palpable two cm. below the costal margin, and 
the spleen ■was thought to be palpable. The extremities showed no edema, and the 
reflexes were normal. 



Fig. 1. — Roentgenogram of chest, showing absence of, aortic knob and broadening of 

tlie aortic arch. 

Lahoratory Data . — The erythrocyte count 'vvas 3,310,000, the hemoglobin, 49 per 
cent, the leucocyte count, 35,000, and the platelet count, 299,700. The differential 
leucocyte count showed 3 per cent metamyelocytes, 30 per cent nonsegmented forms, 
59 per cent segmented forms, 7 per cent lymphocytes, and 1 per cent monocytes. 
The blood sugar level w’as 100 mg. per cent, and the nonprotein nitrogen content 
of the blood was 37 mg. per cent. The blood Kahn and Kline reactions were nega- 
tive. A stool culture was negative for the typhoid and dysentery group. 

Roentgenologic examination of the chest showed no enlargement of the heart, 
but a slight broadening of the aortic arch. The lungs appeared normal (Fig. 1). 
The electrocardiogram showed: (1) sinus tachj’cardia ; (2) right axis deviation; 
and (3) e'vddence of myocardial and auricular disease. 

Course in Hospital . — The second day the temperature was 99” P. The patient 
received a transfusion of 150 c.c. of whole blood and felt better; he passed a bloody 
stool. The blood pressure was 155/80. 
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Microscopic Examination . — Sections from the aorta at tlie site of rupture showed 
a vegetation formed by fibrin, inflammatory cells, and gi'anulation tissue, but no 
bacteria were present. The la3’crs of the wall showed infiltration with inflammatorj^ 
cells, mostly neutrophiles and monoej-tcs. The thrombus between the aorta and 
esophagus showed partial organization, with many fibroblasts throughout. The heart 
muscle showed some edema and also hj-perplasia of the fibers. Moderate congestion 
and edema were present in the lungs. Tlie kidnej’s revealed lesions of an embolic 
tj^pe, with localized collections of inflainmatoiy cells around some of the glomeruli, 
and also some glomeruli with obliteration of Bowman’s capsule. 



Fig. 3. — Largo thrombus protruding into the esopliagus througli a break in the 

mucosa. 

The five case.s of coavelatioii of llie aorta, with rupture of the wall 
below the point of constriction, that have been jireviously published are 
summarized here briefly. The description of the first three cases'’’" 
is taken from Abbott.^ 

Leudet,® in 1858, reported the ca.se of a woman, thirtj'-seven years 
old, tvho had had dyspnea, dysphagia, pain in the left side of the chest, 
and edema of the e.xtremities for nineteen months. She died suddenly 
after vomiting a large quantitj’ of blood. The descending aorta just 
below the origin of the left subclavian was so extremelj" con.strietcd that 
it would admit only a blunt probe, and, just below this point, presented 
a huge, irregular, aneurysmal dilatation lined by osseous and ear- 



832 


AMERICAN HEART JOURNAL 


iihgiiious plaques Avliieh opened freely into the left bronchus. A good 
collateral circulation wa.s present, and also some enlargement of the 
left ventricle. 


In 1878, Kriegk® published the case of a university professor, aged 
forty-eight, who had suffered for several years from precordial pain 
and anxiety ; he died suddenly while going to bed. Tlie autopsy revealed 
much blood in tlic mediastinum and in the left pleura. At the site of 
entrance of the obliterated duct, the descending aorta was nanwed 
by an annular constriction which admitted the little finger. On either 
side of this constriction there was a double intimal tear. The tear above 
the stenosis was 1.5 cm. long and ran around the aorta parallel to the 
ridge ; that below was of similar length and course and led into a dis- 
secting aneurysm which had extended downward as far as the celiac 
axis; both tears had ruptured near their origin into the mediastinum 
and adjacent structures. 


In 1907, ^Monckeberg* presented the ease of a woman, aged twenty- 
six, with congenital hypoplasia of the aorta. The aorta naiTowed rapidly 
distal to the origin of the innominate artery and became reduced at the 
insertion of the obliterated ductus to a circumference of 1.3 cm. Just be- 
low the stenosis there began an aneurysmal dilatation which bulged into 
the left lung; it measured 8 cm. in its greatest vertical diameter. The 
ligamentum arteriosum was a solid cord, 1.5 cm. long, attached to the 
floor of a funnel-shaped, loculated pocket which had perforated into the 
left pleura. There was a large collateral circulation. 

Goodson,*’’ in 1937, recorded the case of a boy, sixteen and a half years 
old. who had had dyspnea and preeordial pain for two months before 
entering the hospital. He died suddenly, three weefe later, after hav- 
ing expectorated bright rod, frothy blood on several occasions. The 
autopsy revealed narrowing of the descending arch of the aorta to 1 cm. 
at about 1 cm. above the insertion of the ductus arteriosus, which was 
patent for about Jialf its length. Immediately below this insertion there 
was a fibrous constriction of the aortic wall to a lumen 3 mm. in di- 
ameter. Two centimeters below the coarctation there was an 8 mm. 


opening into an aneurysm which was situated on the left of the midline 
between the fifth and sixth ribs and measured 3.5 by 3.5 by 4 cm. It 
was partly filled with organizing clot and had ruptured into a small 

bronchus. 

In 1939, Hecker^ reported the case of a man, sixty-two years old, who 
had had hypertension for yeai-s. After a strenuous movement to prevent 
falling from his seat, he suddenly developed a severe, lancinatmg pmn 
in the back. He died two weete later of self-inflicted gunshot wounds. 
The autopsy revealed a marked constriction of the descending arch of 
the aorta one and one-liatt inclies beyond the origin of the left snbcla^m 
artery At this point a ligamentous attachment, about onedourth to 
one-laU inch in nddth, extended to the pntaona.T artery. The hnaen 
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of the aorta at the coarctation was about 2 mm. in diameter. Immedi- 
ately below this point the aorta became enlarged and bulbous. About 
six inches below the constriction there was a longitudinal slit through 
the posterior wall of the aorta. Through this opening the blood had 
dissected between the walls of the aorta upward to the constriction and 
downward to within aliout one and one-half inches of the bifurcation of 
the abdominal aorta. 

DISCUSSION 

In the case tliat we liave presented hei’c, as in that of Hamilton and 
Abbott,® there was an anomalous vessel between the origin of the left 
subclavian artery and the site of coarctation. We agree with Hamilton 
and Abbott that an anomalous vessel in this location lends support to 
the views of Reynaud.” Rokitansky,*® and Loriga,** to the effect that co- 
arctation is caused by an abnormal development during embryonic life, 
localized at the point of .iunction of the fourth, fifth, and sixth left 
aortic arches. The anomalous vcs.scl would represent persistence of the 
(evanescent) fifth left arch. 

Rupture of the ascending aorta is much more common in coarctation 
than rupture of the wall below the constriction. This can be easily ex- 
plained by the fact that the blood pre.ssure is much higher above than 
below the constriction. The explanation of rupture below the site of 
coarctation may be found in a certain weakening of the wall near that 
point. Wo believe, however, that back pressure from some strain, with 
or without contraction of the abdominal muscles, will give a very marked 
rise in blood pressure against a rather idgid wall near the site of co- 
arctation and may produce a tear of the wall. Hecker’s"* case seems to 
illustrate this back pressure idea. 

SUJIJIARY 

1. A case of coarctation of the aorta, with rupture of the wall below 
the point of constriction, into the esophagus, is presented. 

2. The five previously published cases of coarctation with rupture of 
the wall below the constriction are reviewed. 

3. We believe that back pressure plays an important role in the mech- 
anism of rupture of the wall below the site of coarctation. 
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THE PERIPHERAL BLOOD FLOW IN A CASE OP ADRENAL 
PHEOCHROMOCYTOMA BEFORE AND AFTER 
OPERATION 


Willis P. Evans, M.D.,^ and Harold J. Stewart, M.D. 

New York, N. Y. 

T he clinical diagnosis of adrenal plieoehromocytoma lias been made 
with increasing frequency during recent years. The syndrome as- 
sociated with tlie paroxysmal h^qiertension of adrenal mednllaiy tumors 
was first clearly described liy Labbe, Tinel, and Doumcr, in 1922.^ Beer, 
King, and Prinzmetal- demonstrated during the hypertensive crises tlie 
presence of a circulating pressor subslance, and identified it as adrenalin. 
This substance was no longer present after operation. Landis, Mont- 
gomeiy, and SparkmaiF found that the intravenous administration of 
epinephrine was followed liy an elevation of blood pressure, a decrease in 
peripheral blood flow and .skin temperature, and an increase in periph- 
eral resistance. 

We have had the opportunity to make measurements of the peripheral 
blood flow before operation and on several occasions after operation on 
one patient with a chromaffin cell tumor of the adrenal medulla such 
observations have not previously been recorded. In order to have other 
data for correlation in this patient, the basal metabolic rate, blood pres- 
sure, pulse rate, and circulation time (arm-to-tongue) were also meas- 
ured. 

CASE REPORT 

Ristory. — D. K., History No. 254438, a colored girl, aged 14 years, was admitted 
to the Medical Scr-vdcc of the Now York Hospital January G, 1940, with the chief 
complaint of blurring of vision of five months’ duration. 

Present Illness . — Three years prior to admission, the patient first noticed the 
onset of weakness and sweating. These attacks gradually became more frequent. 
They were not associated with fever. Approximately one year before admission the 
patient began to have dyspnea on climbing one flight of stairs, a preference for 
sleeping on two pillows, and moderate polydipsia and polyuria. Severe bitemporal 
headaches of relatively' short duration and sudden onset of blurring of vision began in 
July', 1939. About this time sweating became more profuse. In September, 1939, 
the patient’s mother observed puffincss of the eyelids and swelling of the feet, 
and the patient began to complain of transient, sudden coldness of the hands and 
feet. Approximately two weeks before admission, there was a short period of 
tinnitus. There was no history' of convulsions, sy'ncope, memory' loss, or disorienta- 
tion. 

Prom the New York Hospital and the Department of Medicine, Cornell Universitv 
Medical College, New York, N. Y. 

Received for publication July 3, 1941. 

"Lewis Cass Ledyard Fellow in Medicine, 1940-1941. 

tThe .surgical aspects of this case are to be publislied from the New York Hospital 
and Department of Surgery, Cornell University Medical College, New York, N. Y. 
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Physical Examimtion.-Tha patient did not appear acutely ill. The temperature 
(rectal) was 37.4° C. The pulse and respiratory rates were 132 and 20 per minute, 
respectively. The blood pressure (right arm) was 210/120. The skin over the feet 
legs, and hands was reddish, dry, and thickened, and appeared smooth and atrophic’ 
There was profuse sweating over the trunk. The muscular development was poor. 
Examination of the eye grounds showed wide-spread edema about the left disc, which 
was almost totally obscured, and diffuse scarring and a few small, fresh hemorrhages 
of the retina were observed. Tiie right fundus showed recent hemorrhages in the 
nasal field and fresh “cotton patches” of exudate in the temporal field and about 
the disc. The latter was almost invisible. There were many small, streak hemor- 
ihages along the vessels. The arterioles bilaterally were extremely spastic. The 
heart was markedlj' enlarged; a diffuse, heaving impulse extended 10 cm. to the 
left of the niidsternal line in the fifth intercostal space. Pulsus alternans was pres- 
ent. The heart sounds wore loud. A protodiastolic gallop was heard at the apex. 
A rough systolic murmur was heard over the pulmonic area and down the left border 


of the sternum. The aortic second sound was accentuated. The pulsations in the 
trvo dorsalis pedis arteries were difficult to feel. The right kidney was readily pal- 
pated but appeared to be normal in size. 


Preoperative Lahorafory Data. — The range in specific gravity of the urine was 
1.012 to 1.030. The amount of albumin varied from none to 2 plus. Occasional 
erythrocytes and granular casts were .seen in the sediment. The blood cholesterol 
was 289 mg./lOO c.c. On two occasions the serum protein was 7.8 and 5.7 mg./lOO 
C.C., respectively. On three occasions the urea nitrogen was 16, 12, and S 6m./100 c.c., 
respectively. The phenolsulphonphthalein test showed a total dye output of 72.5 
per cent in two and one-half hours. The urea clearance was 92 and 81 per cent, 
respectivelj', on different occasions. The fasting blood sugar was 82 mg. per cent. 
One-half hour after the ingestion of 100 gm. of glucose it w’as 138 mg. per cent, 
one hour afterward, 194 mg. per cent; it was 156 rag. per cent at the end of two 
two liours, and 130 mg. per cent at the end of three hours. All of the urine speci- 
mens during this test were negative for sugar except the second, which showed l-t 
sugar. The creatine tolerance test showed a retention of 34.8 per cent. The serum 
chlorides were 93.4 and SS.O millimolar equivalents per liter. The serum potassium 
was 4.3 millimolar equivalents per liter. The serum sodium was 135 millimolar 
equivalents per liter. The prothrombin was 100 per cent of normal. The basal 
metabolic rate was -}-46 per cent, +43 per cent, and +48 per cent, respectivelj*, on 
different daj^s. 

Course . — The ease wdth which the right kidney was palpated, the general clin- 
ical picture, and the fluctuations in blood pressure (150 to 250 mm. Hg, systolic, and 
118 to 160 mm. Hg, diastolic) suggested the possibility of an adrenal tumor. In 
order to explore this possibility, urograms were made January 18, 1940. The kid- 
neys showed normal function. The superior calyx in the upper pole of the right 
kidney was deviated laterally. In the region of the right adrenal gland a .small, 
irregular, calcific area was seen. On January .27, 1940, perirenal insufflation of CO, 
into the right adrenal area was carried out. Roentgenograms showed a large, rounded 
shadow of increased density, approximately 6 cm. in diametei, in the legion of 
the right adrenal. The calcification was seen to lie within this shadow. A diagnosis 
of right-sided adrenal tumor was made. Pneumoradiogi-aphic examination of the 
left kidney region showed that the left adrenal was normal in size, shape, and 
position. Studies of the peripheral blood flow, basal metabolic rate, pulse rate, 
blood pressure, and circulation time were made tbe morning of Pebruary 4. 194 
The patient was transferred to the Surgical Service Pebruary /, 1940. Before 
removing the tumor, surgical exploration of the left adrenal region nas canie ou 
February 20, 1940, and revealed a normal adrenal gland on that side. The convales- 
ence from this operation was uneventful. The patient continued to suffer from 
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lieadaches and sweatnig. On the evening of March 4. 1940, slie experienced 
persistent cough, tachycardia, rapid respirations, and profuse sweating. There 
were moist rales over tlie lower halves of both lungs. The blood pressure was 
250/150. These alarming signs rapidl 3 ’’ sub.sidcd, and later in the daj' the blood 
pressure was 190/140, with onlj' a few rales at the bases. The blood pressure the 
following morning was recorded as 170/120. It was our impression that the 
patient had suffered from a ln*pcrtensive crisis, with pulmonaiy edema. Because 
of this attack, rapid digitalization was undertaken at once, and the patient was 
given maintenance amounts of digitalis. On Alarch 7, 1940, adrenalectomj' -was 
carried out on the right side, and an adrenal tumor, measuring 5% x 4^2 X 4 cm. 
and weighing 63.5 grams, was removed. During the operation a small nick was 
made in the pleura, causing right-.sided pneumothorax. This was promptlj- closed. 
A transfusion was started at the completion of the operation, and the patient was 
returned to the pavilion in excellent condition. The pathologic diagnosis of this 
tumor was pheochromocj'toma of low-grade malignancj’. Biologic assaj' showed 
adrenalin-like effects when one cubic centimeter of the filtered saline extract of 
a portion of the tumor was slowly injected intravcnouslv into a twentj'-three-pound 
dog.* For the first few postoperative da.vs, there was respirator}' distress associ- 
ated with the pneumothorax. Aspiration of air and an oxj'gon tent afforded re- 
lief. Eoentgenograms taken March 22, 1940, showed practicallj’ complete expan- 
sion of the right lung. Po.stopcrativc excretion urograms showed that the renal 
shadows were normal. The right kidnej' now appeared to be in its normal position. 
After the operation the patient was free of headache, weakness, dizziness, sweat- 
ing, poh'dipsia, and poljairia. On March 25, 1940, postoperative measurements of 
the peripheral blood flow, basal metabolic rate, pulse rale, blood pressure, and cir- 
culation time were again made. During the last ton days of her hospital stay the 
patient gained six pounds in weight. The average blood pressure was 117/73, and 
the pulse rate ranged usuall,v from 80 to 90 per minute during the postoperative 
period. The patient was discharged twentv-six daj’s after operation in excellent 
general condition. At this time the operative wounds were well healed. The use 
of digitalis, 0.1 Gm. dail,v, was continued. 

Postoperative Laboratory Data . — The range of the specific gravitj' of the urine 
was from 1.015 to 1.030. The albumin varied from negative to one plus. Occasional 
erj'throcj-tes and a few leucocytes were observed in the sediment. The hemoglobin 
was 13.5 Gm. (92 per cent). The erj'throcj'te count was 4.9 million. The serum 
chlorides on two occasions were 560 and 600 mg. per cent. The serum calcium was 
11.7 mg. per cent. The creatine tolerance test showed a retention of 83.7 per cent. 
The basal metabolic rate was -17 per cent. Before operation the electrocardiogram 
showed slight left axis deviation, probablj' as a result of the hj-pertension. The 
low amplitude of T„ together with the fact that T„ and T, were diphasic, indicated 
mj'ocardial damage. After the administration of digitalis, T, became negative, T„ 
changed form, and T^ became upright. On June 15, 1941, three months after op- 
eration and one month after discontinuing digitalis, the left axis deviation had dis- 
appeared and the T waves had all become upright and had a normal contour. On 
the whole, the electrocardiogram had a normal configuration. 

Course After Leaving Hospital . — Studies of peripheral blood flow, basal metabolic 
rate, pulse rate, and blood pressure were repeated May 3, 1940. Digitalis was dis- 
continued at this time. Studies of the peripheral circulation were carried out Novem- 
ber 9, 1940, and again on March 22, 1941. The patient has been observed at inter- 
vals since discharge from the hospital. She has been free of complaints. The 
blood pressure and pulse rate have been normal during each observation. She has 

*We wish to thank Dr. Frank Glenn, of the Department of Surgery, for permission 
to use these data. 
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gained neiglit. Tiiere iias been slight progressive improvement in eyesight and ob- 
jectively the fundi sliow some peripheral clearing. She lias gradually returned to a 
normal amount of physical activity and resumed work at school. 


METHODS 

Tlie method used by Stewart and .Tack^ and Stewart and Evans g in earlier 
measurements of peripheral blood flow was employed. This method requires the 
accumulation of certain data, namely, measurements of skin temperature, for which 
the Hardy-Soderstrom improved radiometer was used," and measurements of rectal 
temperature, oxygen consumption, height, and body weight. The order in which 
data 'uero collected has already been described^i ® All observations were made with 
the patient in a basal metabolic state. Six sets of skin temperature readings from 
eleven areas of the body and of rectal temperature measurements were taken at 
twenty-minute intervals. From these recordings, five average periods of peripheral 
blood flow were calculated. The pulse rates and blood pressures were also recorded. 
The arm to-tongue circulation time (Decholins) was measured after the last estima- 
tion of oxygen consumption. Tlie same sequence of observations was followed in the 
postoperative as in the preoperative studies, and the same environmental temperature 
was used.-'*! s Data were collected once before, and on four occasions after, oper- 
ation. 

RESULTS 

Basnl Metabolic Rate and Peripheral Blood Flow . — Before operation, 
when the basal melaholic rale was increased to -i48 per cent, the periph- 
eral blood flow Avas only 59 c.c./]\IVmin. After operation the basal 
metabolic rate fell to -17, -13, -16, and -13 per cent, respectively, yet 
there were increases in iieripheral blood flotv to 90, 94, 92, and 99 
c.c./i\I-/niin., respectively. There was, therefore, a marked relative 
increase in periplieral blood flotv during the postoperative period, at a 
time Avhen there Avas a fall in the basal metabolic rate to normal 
(Table I) (Fig. 1). 

Shin Temqyerature. — Before operation the aA^erage sldn temperature 
Avas loAV. After remoAml of the tumor the aA’erage skin temperature AA'^as 
approximately 1° to 1V^° C. higher. The temperature of the hands and 
feet shoAved trends similar to aAmrage skin temperature in both the pre- 
operatiA^e and postoperatii^e phases. TJiere AA^as, hoAvever, no constant 
relationship betAA^een aAmrage skin temperature and the temperatuie of 
the extremities during a morning’s obseiwations (Table I) (Fig. 1). 

Rectal Temperature.— At first, Avlien the average skin temperature Avas 
decreased (32.45° C.), the rectal temperature Avas elevated (37.93° C.). 
After operation the rectal temperature Avas normal during each of the 
observations, at a time AAdien the aAmrage skin temperature had liseii to 
normal (Table I) (Fig. 1). 

Pulse Bate.— Tachycardia Avas present before operation, but the rate 
fell to normal after removal of the tumor (Table I) (Fig. 1). 

Blood Pressure.— The systolic and diastolic pressure was markedly 
elevated before operation and fell to normal after operation (Table I) 

(Fig. 1). 
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DISCUSSION 

The ob.jeelivo nieasuiviiKMils now l)ein”: rc]iorloil siiow llial there was, 
relatively, a marked de{‘rease in jieriidieral blond tlow when jiaticiit 
D. K. was sufi'erin;; from an adrenal iibeoebromoc.vloma. for the periph- 
eral blood flow was only 59 e.e./M-/min. at a time when the basal 
metabolie rate was increased to 48 per cent. After operation, althoujib 
the metabolie rate decreased to a normal level, there was an average in- 
crease of GO jier cent in the amount of blood allotted to the peripheral 
eireulation (Table I) (h'i'r. 1). Stewart and lOvans-' showed that, at 
a similar environmental temperature, patients suffering: fi'om h.vpcr- 
thyroidism with basal metabolie rates comparable to the ]U‘eoperativc 
level of sub.jeet 1). K. had a iierijiheral blood flow of approximatel.v 
225 e.e./M"/min. After operation, when these same sub.icets wei'e within 
the noi'inal metabolie ranire. the averau:e ])ei'i])heral blood flow was ap- 
proximately 70 e.e./i\l-/min. (’ompariinr these data for the two dis- 
eases, it is evident that sub.jeet 1). K. had a mai-ked reduction in iiei’iph- 
eral blood flow at a time when the ox,v»:en eonsumjilion mifxht require it 
to be frreater. Perfusion exi)eriments, made with an extract of the tu- 
mor, showed that it contained an adrenalin-like substance. It is projier 
to a.ssume, therefore, that it was this substance, elaborated by the tumor, 
whieb induced these circulatory ])henomena in this patient. It is known 
that one of the actions of epineiihrine is to decrease ])eri])horal blood 
flow. After removal of the tumor the basal metabolic rate decreased and 
peripheral blood flow increased. 

The elevated heat jiroduetion attendant upon inerea.sed oxygen con- 
.sumpfion u.suall,v In-ings about a high .skin temperature.''' In .sub.iect 
D. K., the average skin temperature befoi'c operation was low at a time 
when the basal metabolic rate Avas high. After ojicration it increased 
to normal. Vasoeon.sti'iction is one of the actions of o])inephrine. Loav 
.skin temperature Avas to be antieijiated before opei-ation, therefore, be- 
cause peripheral vasoconstriction and decreased pei'ipheral blood floAV 
Avere present during hyperadrenalcmia. As a consequence, the skin 
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could not dissipate efficiently the increased amount of heat produced, 
and increased heat storage and a high rectal temperature resulted. At 
this point it may be of interest to speculate upon the mechanism of the 
attacks of profuse perspiration which occurred before operation. There 
is reason for the opinion that they were not initiated entirely by direct 
sympathetic stimulation of the sweat glands by adrenalin, for they oc- 
curred in attacks. If there was an increased amount of circulating 
adrenalin at the time of sweating, an additional elevation of blood pres- 
sure would be expected also. There were no unusual rises in blood 
pressure or hypertensive cri.sis during these attacks while the patient 
was under observation, except for the one instance mentioned in the 
case report. Another explanation which appears most applicable is that 
the heat regulating center, finding the internal temperature (rectal) too 
high, responded by calling for profuse perspiration intermittently in 
order to bring into action the cooling effect of evaporation. 
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Fatherreo and Allen,'-’ in observations on tlie vasoconstrictor effects of 
epineplirine on tlie digital arterioles, found a more prolonged action 
in tbe toes than in the fingers. Moreover, tliej^ were of the opinion that 
the vasoconstrictor action in normal persons may vary widely, giving 
rise to marked variability in the skin temperature of different digits, and 
in the same digit, at different times in the same subject. To some ex- 
tent, the results in this patient (Table I) (Fig. 1) parallel those obtained 
by Fatherree and Allen." Hai*dy’" found, in subjects ivho were receiving 
an infusion of epinephrine, a marked fall in the skin temperature and 
peripheral blood flow of tlie extremities at the same time that the average 
sldn temperature and average penpheral blood flow were increased. Be- 
fore operation in our ease, not. only the temperatures of the extremities, 
but also the average skin temperature and average peripheral blood 
flow of the whole body surface ivere decreased. These observations are 
not at variance with the work of Hardy, for it is well known that the 
pharmacologic action of smaller amounts of adrenalin will be primarily 
reflected in the extremities, whereas, with larger amounts, the effects 
are of a widespread nature. 

The continuous tachycardia before excision of the pheochromocytoma 
was probably a response, in part, to sympathetic stimulation by ad- 
renalin, and, in part, to the increased oxygen consumption. After op- 
eration the heart rate returned to normal. 

The persistent elevation of blood pressure (average, 190/130) before 
operation was not the result of permanent changes in the vascular tree, 
because the pressure returned to normal aftei- operation. Although the 
tumor from which this subject was suffering supplied the circulation 
constantly Avith increased amounts of adrenalin, it apparently was 
capable of flooding additional amounts into the circulation, because 
there occurred sudden ris&s in systolic pressure from the usual level 
of 190 mm. Hg to 260 mm. Hg, and in the diastolic from 130 mm. Hg to 
150 mm. Hg. 

The circulation time (arm-to-tongue) was shorter before operation 
(11.3 seconds) than after operation (13.6 seconds and 13.8 seconds). 
Patients ivitli Ibyrotoxicosis, with preoperative basal metabolic rates 
comparable to tliis patient’s (+48 per cent), had circulation times which 
were tivo to four seconds shorter." The velocity of blood floAv may 
have been less rapid in this subject before operation because of the 
resistance offered to blood flow by vasoconstriction. 

SUMMARY 

(1) Using a method Avhich Steivart and JaelU and Steivart and 
Evans"' ® employed previously, measurements Avere made of the periph- 
eral blood floAv, and certain other data Avere collected, on a patient Avith 
an adrenal pheochromocytoma, before operation and at intex’Amls for one 
year afterAvard. 
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(2) Before operation, at a time wlien the basal metabolic rate was 
high, there was a marked relative decrease in the peripheral blood flow 
in c.c./j\iymin. After operation the basal metabolic rate fell to normal, 
and an increase in i)erij>heral blood flow occurred. The decreased 
peripheral blood flow before operation was attributed to hj^erad- 
renalemia. 

(3) The circulation time w^as shorter before operation than after- 
ward. 

(4) The low average skin temperature and the high rectal temper- 
ature before operation were interpreted as being brought about by de- 
creased peripheral blood flow and vasoconstriction, vdth resulting in- 
efficiency ill heat loss and increased heat storage. As an explanation 
for the periods of marked sweating, these observations suggest that the 
organism increased lieat loss by the cooling effect of evaporation. After 
operation the skin and rectal temperatures returned to normal. 

(5) No definite relationship was observed between the temperature 
of the hands and feet and average skin temperature during any of the 
observations. On the other hand, all temperatures rose after operation. 

(6) The blood pressure and pulse rate were markedl}’- elevated at 
first and returned to normal after operation. 
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TUBERCULOUS ENDOCARDITIS 


]\L\rgaret Bevans, M.D., and Sam A. Wilkins, Jr., M.D. 

New York, N. Y. 

A t BELLEVUE HOSPITAL we have recently had occasion to oliserve 
k, a case of tnhercnlous endocarditis superimposed upon an unusual 
congenital defect of the aortic valve, associated with certain changes 
possiblj^ rheumatic in origin. 


CASE REPORT 

A. E., a colored man, 17 years old, was admitted October 13, 1940, complaining 
of gradually increasing dyspnea over a period of one and one-half years. This had 
become more pronounced during the preceding three or four weeks. 

The patient denied having an}’ illness previous to two years before admission; 
however, examination of the outpatient records of Harlem Hospital revealed that 
in Starch, 1936, he had applied for treatment there because of a “cough and 
cold.” At that time he admitted having frequent attacks of epistaxis and was found 
to have a mitral murmur. During 1937 and 1938, because of pains in the knees 
and in the joints of the hands, he attended the orthopedic clinic, where a diag- 
nosis of arthritis was made in 1938. He was hospitalized and tonsillectomy was 
done. There was no history of headache, hemoptysis, cough, or disturbances refer- 
able to the genitourinary system. 

One and one-half years before admission to Bellevue Hospital the patient noted 
shortness of breath on climbing two flights of stairs. The dyspnea increased 
slowly, and he began to notice palpitation of the heart on exertion. On one occa- 
sion, about a year prior to admission, he experienced pain in the epigastrium; 
this gradually subsided. Ten months before wo saw him he had muscle and joint 
pains and was not thereafter allowed to take part in sports at school. For several 
weeks before admission ho had boon occasionally short of breath even while at 
rest. There was no history of edema of the ankles, hemoptysis, or precordial pain 
during this time, nor of chills and fever. At no time had he received digitalis. 
He thought he had lost some weight. 

Physical examination revealed a well-developed, fairly well-nourished young 
Negro. He was dyspneic but not cyanotic. Apparently he was in no acute dis- 
tress, sitting quietly in bed. His temperature was 102° F., the pulse rate was 
129, the respiratory rate, 36, and the blood pressure, 140/80. The skin was smooth, 
warm, and moist, and the mucous membranes appeared to be slightly pale. The 
lungs were resonant throughout and no rales were heard. There was a marked 
precordial heave which moved from apex to base, together with a systolic thrill 
over the apex and in the second left intercostal space anteriorly. The point of 
maximum impulse was in the left fifth intercostal space in the midaxillary line, 
where, also, the left border of cardiac dullness was found. In the third left inter- 
costal space the cardiac dullness extended eight centimeters from the midsternal 
lino. At the apex, loud, low-pitched, prolonged diastolic and presystolic mur- 
murs blended wnth a systolic murmur. It was difficult to distinguish the systolic 
murmur which was heard over the aortic area from that over the apex. The 
pulmonic second sound was loud and booming, and of greater intensity than the 
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aortic second sound. No friction rub was lieard in any part of the chest. 
Neither the iiver nor the .spleen was palpable. The extremities showed no club- 
bing or edema, and there was no enlargement of the lymph nodes. 

Examination of the urine was negative; it was acid, and the specific gravity 
was 1.015. The hemoglobin was 14.5 grams, the erythrocyte count, 5.9 million, and 
the leucocyte count, 1.3,000. The blood smear appeared to be normal; there were 
62 per cent pqljunorplionuclear leucocytc.s, 4 per cent transitional cells, 30 per cent 
Ij’niphocytes, 3 per cent monocytes, and 1 per cent eosinophiles. The blood Wasser- 
mann reaction was negative, the nonprotein nitrogen was 43 mg. per cent, and the 
blood sugar was 83 mg. per cent. The estimated sedimentation rate was 0.1 mm. 
an hour. 



Fig. 1. 


The electrocardiogram (Eig. 1) showed heart block, uith a P-E intel^aI of - 
sec., sinus tachycardia, and right axis deviation. In Lead I the Q n aye was no c e , 
in Lead II the E wave was slurred and the S-T segment negative; in Lead le 
E wave was notched and the S-T segment negative; and in Lead 11 the S T se^, 
was positive. 

A roentgenogram of the chest (Fig. 2) showed an enlarged cardiac siHiouet e, 
sentrally placed. The left cardiac border was elongated and bulging, and the rig i 
cardiac curve was accentuated. The pulmonic fields were not remarkable. 
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While in the hospital the patient at no time appeared to be acutely uncomfortable. 
On several occasions he was observed lying prone in bed, with his left side slightly 
elevated ; when questioned about this ho replied that breathing was easier when he 
assumed this position. His temperature ranged between 98.0° F. and 101° F., and 
his pulse rate, between 124 and 88. Digitalis, which was given to observe what 
effect it might have on the heart rate, not because of any signs of congestive failure, 
was of no airparent value. The j)atient’s condition .showed little change until the 
fifth day after admission when he had an “attack” which lasted about tliree min- 
utes. Patients nearby called a nurse to .“ee the patient, who was breathing very 
“heavily,” with eyes rotated ujiward. He died a few moments thereafter. 

The clinical diagnoses were active rheumatic heart disease with valvulitis, endo- 
carditis, myocarditis, and jicricarditis with clTusion. 



Pig. 2. 


Necropsy (No. 28,47o, Bellevue Hospital) was performed three hours after 
death. Seven hundred c.c. of scrosanguinous material were found in each pleural 
cavity. The pleura was richly studded with gray-yellow, firm nodules about 2 mm. 
in diameter, some of which were surrounded by an area of hemorrhage. Similar 
nodules were uniformly distributed through both lungs. At the apex of the left 
lung there was a puckered scar. The precordial area occupied more than two-thirds 
of the anterior chest wall. Two hundred c.c. of exudate similar to that found in 
the pleural cavities were present in the pericardium. Even after its removal 
the heart appeared enlarged to the left, and over its anterior surface there was a 
granular, hemorrhagic exudate. 

The heart weighed 690 grams. The left auricle was dilated. The endocardium 
of the left auricle was markedly thickened, and above the posterior mitral leafl.et 
there was a conglomeration of minute gray nodules which measured about 1 cm. in 
diameter and 2 to 3 mm. in'* depth. They were firm and apparently covered by intact 
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endocardium. The mitral orifice was not stenotic, although both leaflets appeared 
fused and thickened, the posterior to a much greater extent than the anterior, so 
that it assumed a fusiform shape along the line of closure (Fig. 3). On section 
llirough this thickened tissue, yellowish cheesy material could be scraped from the cut 
surface. The chordae tendinoae were slightly shortened, but not thickened or fused. 
The left ventricle was dilated. The aortic valve was the seat of an anomalous 
formation. Failure of the cusps to fuse with the ventricular endocardium for a 
distance of 5 cm. from their free edges produced aneurysmal dilatations which were 
distended with clotted blood (Fig. 4). There was no connection between these 
outward pouchings and the substance of the mitral valve. Immediately below their 
line of closure the cusps assumed a fibrous and nodular appearance. Yellowish 
plaques extended downward over the aortic surface of the mitral valve. The lumen 
of the left circumflex coronary artery, 4 cm. from its origin, was narrowed' to the 
size of a pin point for a distance of 0.5 cm. by an endarterial process (Fig. 7). Be- 
yond, the coronary arterj’ showed moderate, patchy, fibrous thickening. The anterior 
descending ramus of the left coronary artery was involved by a similar process which, 
however, was less pronounced than that observed in the circumflex. The right side 
of the heart was apparently well preserved. 
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The anterior meilin^tinul, liiljir, and parat radical lynipli nodes, as well as a few 
of llie nicscnterie nodes, were treniendously enlarg'd and dise.rclo, and, on section, 
the cut surlaecs W(>r(> lloc'ked with ]iin-])oint yellow dots which were oecasionallv 
eonlluent. In the continent areas the con-isteiiey was soft and the suhslunco was 
caseous. The solitary enlar^;ed axillary node showed tlie same ehaiif^os. 

I’ost'jnorloin culture of the spleen and mitral valve yielded no growth. 



Kie, — Rcetlriii" tliroueli i>itst*r!iir mltml )>;tiltt diowlmr (li) airas of caseation and 

(n) nte-ecs romiuv c,! of tntiulent i xiidat" in wlilcli nianl c-dls are seen. 
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Fic. C. — Illnh power of area In posterior mitral leaflet showlnp nlnnt colls, epithelioid 
cells, and a few small lymphocyt'?s. 


.Ificrosro/u'e i xdiiiuKition of tissue removed from the left auricle showed that the 
endocardiuni hecame ahruptly distended and fragmcuilcd over a mass of fibrin in 
which a few erythrocytes were enmeshed. This gave way to extremely vascular and 
cdomaloiis granulation tissue. An oeeasioiinl V(!ssei showed fdirosis of its walls, but 
thin-walled, apparently newly formed c.apilhirios were predominant. Scattered 
diffusely through this tissue, but with a tendency toward segregation in nest.®, were 
pmull lymphocyte.s and polyniorjdionuclcar leucocytes, together with great numbers 
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of eosmophiles. No Aschoff bodies or Langhans giant cells ivere observed The 
underlying myocardium showed some congestion and a small degree of infiltration bv 
leucocytes. ^ 

Sections through the posterior leaflet of the mitral valve showed tremendous tliick 
ening, with subendocardial hemorrhage. As in the case of the left auricle fibrosis 
of vessels could be seen and was even more prominent, and the same type of granula- 
tion tissue was present. In the posterior mitral leaflet tliere was a widespread de- 
structive lesion, in the center of which was a small abscess. In addition, large areas 
of caseation necrosis were present. In them, poljmiorphonuclear neutrophiles were 
present in large numbers, together nith Langhans giant cells, epithelioid cells and 
lymphocytes (Figs. 3, 5, 6). ’ 



Pig. 7. — Section tlirough the left circumflex coronary artery showing slit-like lumen 
due to extensive fibrosis and proliferation of intima. Note also extensive endarteritic 
changes in small vessels. At upper edge (a) is lowermost border of aneurj''smai sac 
of left aortic cusp filled with caseous material. 


Other sections from the. posterior cusp presented a picture practically identical 
with the foregoing. Sections of the anterior leaflet, taken at a distance from the 
lesion, revealed no evidence of recent or previous damage. 

Sections from the posterior cusp of the aortic valve, including part of the con- 
tents of the aneurysmal sac, revealed^ perhaps, the most highly destructive lesion of 
all. The margin appeared to be well-preserved, but' at a short distance beneath the 
margin the thickened fibrotic cusp w'as replaced by cellular and partially necrotic 
tissue which, in places, appeared hyalinized. An occasional giant cell of the 
Langhans type was found. Here, again, large numbers of eosinophiles were pres- 
ent. Masses of caseous material were found both replacing and attached to the 
cusp, as well as enmeshed in the organizing thrombus. 

Sections through the left circumflex coronary artery showed, in the adjacent epi- 
cardium, dense collections of lymphocytes. Congested capillaries were numerous. 
The coronary artery and all of its visible branches were the seat of obliterative 
endarterial fibrosis which reduced their lumina to mere slits and, in some instances, 
to complete extinction. The' muscular Avails appeared hyalinized, and the intima 
was fibrosed. The endothelium was intact. In the same sections, which included 
remnants of an aortic cusp, caseation necrosis, epithelioid cells, and an occasional 
Langhans giant cell Avere evident (Pig. 7). 
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Sections tlirouRli the intei-vcntriculiu- septum revealed marltcd tliielvciiiiig and 
liynlinizalion, and, near tlic inyoeardiuni, eongesfed cajjillaries and numerous smiill, 
librolic vessels. 'J'his scarring extended deep into the myocardium and replaced it. 
Dill'uso inyoeardiiil fibrosis, often perivascular and accompanied by endarterial 
changes, was seen tlirougliout the .scctioius. 

The microscopic changes in sections of other iirea.s of the inyocardiutn varied 
with the location. Those Ittken elo.'^e to tlie base of the left ventricle showed the 
most marked changes, which diminished halfway through the myocardial wall. The 
overlying epic.'irdium exhibited discrete collection.^ of lymphoc.ytc.s, epithelioid celhs, 
and congested eajullaries. The similler vessel.s .«howed endarterial fibrotic change.s. 
•Similar collections of cells near a coronary vein and nerve showed, in addition, 
Langhans giant cells, and were obvious attempt.s at tubercle formation. In the 
myocardium, discrete collections of small round cells, resembling those in the epi- 
carditim, and perivascular fibrosis were apparent. In the wall of a myocardial vein 
was a raised jilaipie, coni|)osed of Ijnnphocytc.s and epithelioid cells, that had dis- 
rupted the intima. 

Sections from the ajiex of th(“ left ventricle and from the right ventricle showed 
small areas of myocardial degeneration and fibrosis. 

In numerous sections from the lungs there were small, uniformly distributed 
tubercle.s with caseous centers and a few Langhans giant cells. 

The spleen showed chronic imssive congestion and hyperpln.sia, both of the 
follicular cells and small lymphocytes in the Malpighian bodies. No tubercle forma- 
tion was observed in the spleen. 

The liver, kidneys, and adrenals were the seat of chronic passive congestion. 

The intestinal .=ectinns showed lymiihoid hyperjdasia of the solitary follicles, but no 
tubercle formation. 

In the lymph nodes of the anterior mediastinum and the mesentery, and in an 
enlarged axillary node, widespread tuberculous caseation had replaced the normal 
arcliitocture. In some areas the reaction was one of proliferation, but exudation and 
caseation were predominant. 

flections from the l.vmph nodes and liiuirt, stained by the method of Zielil-Ncclsen, 
rovc.aled a few acid-fast bacilli which were morphologically indistinguishable from 
tubercle bacilli. In the heart valves tli(*se organisms lay in the substance of the 
valve. In all of the sections thus stained, even in the caseous l.vmph nodes, acid-fast 
hacilli were scarce ami were found only after diligent search. 

Gram-M’eigcrt stains of the heart valves failed to show other bacteria, .'lections 
stained by the older method of T.evaditi were negative for spirochetes. 

('OMMENT 

The liistor.v, pliy.sieal exaniinatioii, and labornloiy data wove com- 
patible with a diagnosis of rheumatie hearl di.sea.se. There was nothing 
to .sviggc.st an unusual clinical ontit.v. 

We feel that, the case here recorded fulfills the requirements for the 
gross and histologic diagnosis of caseous tuberculosis of the heart valves 
and endocardium. In addition, it affords some support to the theory of 
allergic sensitization, advanced by Davie, because of the large numbers 
of eosinophile.s in the valve lesions. 

REFERENCES 

1. Baker, It. D. : Tuberculous Endocarditis, Arch. Path. 19; 026, 1935. 

2. Atark, .Teromc: Tuberculous Endocarditis of the Pulmonary Valve; Case, Bull. 

.Tohns Hopkins Hosp. 62-63: 41.5, I93.S. 

3. Davie, T. B.: Tuberculous Endocarditis, .T. Path. & Bact. 43: 313, 1936. 

4- IVard, G. E. S., and Martin, N. H.; Miliary Tuberculosis of the Endocardium 
in a Case of Hypertension, Lancet 2: 827, 1938. 



Abstracts and Reviews 


Selected Abstracts 


Blair, H. A., Wedd, A. M., and Hardwicke, H. M.; The .Normal Pneumocardiogram, 

Am. J. Physiol. 136: 523, 1942. 

Pneumograms of the chest, the abdomen, the neck, and the thigh taken during 
suspended breathing are related to the electrocardiogram and to the venous and 
arterial pulses. Ejection during systole of arterial blood from the chest creates 
there a fall in pressure which causes collapse of the chest wall, a probable rise of 
the diaphragm, and aspiration of venous blood from the neck and abdomen. The 
effect on the abdomen is such that it also collapses. The volumes of the neck and 
thigh increase to compensate for the decreased volume of the trunk. During di- 
astole, the chest and abdomen expand because venous return exceeds arterial outflow. 
When decrease of the volume of the chest is recorded in the same direction as in- 
crease of pressure in the artery, the pneumoeardiogram of the chest is similar in 
form to a record of the carotid pulse. The pneumogram usually indicates the begin- 
ning of isometric contraction of the ventricles, the beginning of ejection from^ the 
chest, the beginning and end of isometric relaxation, auricular filling, and sometimes 
auricular contraction. It yields, in general, more information than the pulse yet it 
is much easier to record. It is concluded that the low pressure of the neck veins 
during ventricular systole is due to the aspirating action of arterial ejection. Aspra- 
tion of venous blood is probably an important factor in promoting venous return. 
The rise of the venous v wave is thought to be due to ventricular relaxation.^ The 
nart played by relaxation of the ventricles in producing characteristic waves in the 
pneumograms ^of the chest and abdomen and the notch m the arterial^ pulse is 
stressed The relation of the Q wave of the electrocardiogram to the be^nmng 

eSS J— c. of ie T a„d the second ---I 

tion is aetcnoined for a group of normal subjects. Eisctncal and mecln,n.cal sfs 
tole are seen usually to begin very close togetlier. Authors. 


Mayerson, H, S,: The Influence of Posture on Blood Flow in the Dog. 

Physiol, 136: 381, 1942. 

Tilting of anesthetized dogs to ^ vein and 

in a consistent and marked decrease in t le . iuoTilar vein. Changes 

artery and a less pronounced fall in .be 

in renal flow were less consistently observed, but in the majoury 

in the same direction. \ y . Both. 

v A arifi Procita L • Simultaneous Soap-Wax Dehydra- 
Lebowich, B. J., Opps, F. A., ^^omta, i.. Permanent Preserva- 

tion and Infiltration of the Human Heart. A Metnoa 

tion. Arch. Path. 33: 696, 1942. ^ j; i 

A rapid and simple technique is described iquid soap- 

man heart without sacrifice of color through by a r 

wax solution in a specially constructed vacuum apparatu.. 
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U P»cs„s «» of coo.,.,,,-, 

those obtained with the paraffin infiUiatioii tec iniquc.. AxJTitous. 


^ ^ rt • A Clinical Evaluation of Ectal Elcctrocartllocraphy: 

”dy ^fTooS S;’a Nc. Tochniauo and an Improved Instrument. Am. 

J. Obst. & Gyncc. 43: 21, 1042. 

In summarizing the results described, the following conclusions n,ny be sltvtod: 

A fair soample, consisting of the first 100 consecutive full-term pregnancies, 
terminated by normal labors, was studied. In this .sample «u almost equal immbei 
of parous and nulUparous, white, and llegro women of all ages, is found. Aertex 
presentations singularly occurred in all but four cases. Tl.e number of male and 
female infants was almost similar. 


Constancy of method, teciiniquc, and personal error was maintained since all tests 
were performed by one of tlic authors. 

A cursory outline of historical data is briefly mentioned along with tlic tcclmical 


difficulties previously experienced. 

A new teclmique, describing variations in position of clectrodo.s ns well as the 
small convenient portable clcelrocardiographic in.'jtrument, is described. Several 
complications, inherent physical dislurbancc.s, which may alter or obstruct clear 
recordings, are pointed out. Generally, larger, more obese women yielded inferior 
electrocardiograms. 

Only two patients of the entire group failed to exhibit satisfactory fetal cnrvo.s 
at some time during pregnancy. 


Ninety-eight out of 100 patients showed one or more satisfactory curves, Tim 
maximum number of records of any single patient was four. 

Seventy-five per cent of 353 tests performed on 300 patients showed clear-cut 
curves. Those which were not clear were considered negative. 

No positive electrocardiograms were obtainable earlier tliau the fourth lunar 
month. In this month, 33 per cent of nine readings were positive. In the third 
month no records were successful. 


The individual montlily percentages of po.sitivc results ranged from 53.S to 00,5 
per cent. The average of all monthly- percentages, from tlic fourth to tenth lunar 
months, inclusive, was 77.8G per cent. 

In the last two months combined, it is significant that a total of 48 readin»^s 
j’ielded 96 per cent positive readings. " 

The fetal heart rate is no index as to the fetal sex, simre both sexes avera-cd 
148.7 beats per minute. No correlation between tlio rate and the color of tlie foUm 
is found. 

There was a tendency- for a gradual but definite decline in the fetal heart rate 
to the eighth lunar month; from then on to delivery, there was a .slight rise Ti c 
duration of the pregnancy in any instance cannot be estimated by tlm rate' ' 

Fetal and maternal rates cannot be correlated; a change in one did not ncccc: 
sanly accompany a corresponding alteration in the other. ^ 

The electrocardiogram furnished a reliable diaEmostio 
the menopause, suspected pregnancy- due to amenorrhea ndth a 
huge ovarian cyst, as well as a missed abortion ^ ® ^ 
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A marked increase in two cardiogi-ams taken thirty-five days apart within six 
weeks of labor, proved to be due to an unsuspected anomaly, gastrosehisis fetalis witli 
hydramnios. 

In another teratologic birth, thoracoabdominoschisis with anenceplialus, in whicli 
the apex of the fetal heart was drawn ceplialad in a 180° version by congenital ad- 
liesions, the T waves were inverted. This suggests the possibility of determining a 
breecli presentation. 

Generally, fetal hearts show sinus arrhythmias and occasionally show extrasystoles 
and varying degrees of partial block. 

Intrauterine anomalies usually produce peculiar electrocardiograms in which the 
rate shows a marked rapidity. 

Before cesarean section is performed in instances of doubtful viability, an electro- 
cardiogram is indicated. 

Electrocardiography witli tlie above technique and new instrument was found by 
us to be a practicable procedure in all pregnancies between tlie fourth and tenth 
lunar months. 

Authors. 

Garvin, 0. F.: Age, Sex and Race Relationships of Auricular Fibrillation. Am. 

J. M. Sc. 203: 788, 1942. 

The average age of death of 207 patients witli hypertensive heart disease and a 
normal cardiac mechanism was 52.8 years; of 57 patients with hypertensive heart 
disease and auricular fibrillation, 02.3 years. Patients with coronary heart disease 
and a normal cardiac mechanism (142) averaged 59.8 at death; 35 patients with 
coronary heart disease and auricular fibrillation averaged 09.1 years. Fifty-eight pa- 
tients with rheumatic heart disease and a normal mechanism died at an average age 
of 38.4 years; 01 who had rheumatic heart disease and auricular fibrillation died 
at an average age of 44.2 years. All these diiferences seem to be statistically sig- 
nificant. It would appear that the average age at death of cardiac patients with 
auricular fibrillation is greater than the average age of cardiac patients with a normal 
cardiac mechanism. 

No association between auricular fibrillation and sex or race was demonstrable. 

Authors. 

Baylin, G. J.: Patent Interauricular Septum Associated With Mitral Stenosis: 

Lutembacber’s Syndrome. Radiology 38: 1, 1942. 

Two cases of patent interauricular septum with mitral stenosis are presented. 

The sjmdrome presents a characteristic roentgenographic picture, in which en- 
largement of the pulmonary conus and the hilar shadows predominate, along with the 
right auricular hypertrophv. 

Author. 


Stalker, H.: Coarctation of the Aorta: A Case With Right Axis Deviation of 
the Electrocardiogram and Auricular Fibrillation With Some Statistics. 
Michigan M. Soc. 41: 40, 1942. 

A case is presented of adult type of coarctation of the aorta, not associated with 
any other congenital lesion, in a male of fifty years of age who showed right axis 
deviation in his electrocardiogram and a markedly dilated and hypertrophie rio i 
lieart. The patient had shown a left ventricular failure as evidenced by dyspnea am 
orthopnea since he was first seen. This would be the primary strain to be expec e 
with coarctation of the aorta and associated arterial hypertension. 

It is concluded that his right ventricular failure with right axis deviation an 
hypertrophied right heart must have been the natural sequence from the left ven- 
tricular failure. 
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ABSTRACTS AND BEVffiWS 
« -itr TvraiPr H C.: Ctneroentgenographic Diag- 

Hea« bi»ase. An.. X Koonteonol. 46. 036, 

1941. 

la additiou to the elacidation of the nature of some 
and the visualizatiou of the cardiac chambers, various f 

vessels have been demonstrated. Compression of the large ~ ^ 
visualized. The size and course of the pulmonary arteries ^ f “ 
Mediastinal tumors and vascular structures may be i cron i . j 

genography may be able to clarify our knowledge of the living anatomy and p ). 
ology of the central portion of the circulatory system. This method can be cmplojed 
for educational purposes. 

IVhile up to the present it has not been possible to visualize a patent ductus 
arteriosus, the authors have detected certain abnormalities of the greater blood 
vessels as well as cardiac septal defects which would contraindicate .surgical relief 
in a "patent ductus" detected clinically. 




Eossien, A. X,; Complete Heterotaxla Associated With Obstructive Jaundice, 

Canad. M. A. J. 46: 572, 1942. 

The clinical significance of situs transversus viscerum totalis is related chietly 
to diSerential diagnosis, since it does not interfere noth the life span or physical 
status of the individual. 

None of the theories as to the cause of this anomaly seems to merit being accepted 
as conclusive. The author believes that more frequent x-ray studies will shoiv that 
sex plays no part in visceral mirror transposition. 

A case complicated by obstructive jaundice is presented. 

Autjior. 


Lowry, 0. H., Gilligan, D. E., and Hastings, A. B,: Histochemical Changes in the 
Myocardium of Dogs Following Experimental Temporary Coronary Occlusion. 
Am. J. Physiol. 136: 474, 1942. 


Dog hearts were examined chemically at various times following the termination 
of temporary occlusions of a major coronary artery. Cliaracteristic increa.sos in the 
water, chloride, and sodium content of the myocardium were observed. In general, 
there was little change in the potassium concentration. ' ’ 

These changes have been interpreted liistoehemically as denoting an increase in 
the proportion of extracellular fluid without demonstrable change in the muscle fibers 
themselves. 


Occlusions lasting twenty minutes or less produced an increase in extracellular 

Sir twenty-four hours. Occlusions lasting 

presirbottii amount of extracellular tissue 

present both four hours and two weeks after the occlusion. 


Authors, 


“■> ’™‘“ of th, l,oart.lu„B voMricIo ,r. 

».t»..o.o; . d»™.. i. .,.e „„ J,,, wolght ^ 
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reetion for edema and calculation of the “extracellular water” on the basis of chlo- 
ride analyses indicate that: the intracellular water and electrolyte content of the 
untreated heart-lung ventricles is not significantly different from normal ventricles; 
«ie average edema content is 17.5 grams per cent of the final ventricular weight and 
is extracellular in position; the increase of sodium and chloride content of these 
hearts can be accounted for on the basis of the extracellular edema formation. 

The ventricles of heart-lung preparations which received therapeutic doses of a 
digitalis glycoside have: an increased water content which is comparable to the 
control heart-lung ventricles; an apparent decrease in potassium content which is 
larger than that found in the control heart-lung and does not appear to be ac- 
countable for on the basis of an increased edema content alone. 

The ventricles of heart-lung preparations which received toxic doses of a digitalis 
glycoside show significant changes in their intracellular electrolyte compositions. The 
■intracellular potassium content is decreased apparently in exchange for sodium 
since there is approximately a chemical equivalent increase in intracellular sodium 
content. The doses of cardiac glycosides used in these experiments did not sig- 
nificantly affect the water gain or edema formation which occurs in heart-lung 
ventricles. 

The unphysiological factor or factors which are responsible for cardiac edema 
formation in the heart-lung preparation must exert their chief effect on the capillary 
membrane, since the electrolyte concentration gradients across the muscle cell mem- 
brane and the intracellular water content of untreated heart-lung hearts are ap- 
parently normally maintained. 

Authors. 

Saphir, O., and Wile, S. A.: Myocarditis in Poliomyelitis. Am. J. M. Sc. 203: 

781 , 1942 . 

Seven patients with polionij’elitis are reported, six of whom showed evidence at 
autopsy of varying degrees of myocarditis. Clinically, myocarditis could have been 
suspected in three patients because of a sudden “turn for the worse” without ap- 
parent cause, coincident with a rise in pulse rate and cyanosis. The myocarditis was 
characterized histologically by foci of perivascular infiltrations of lymphocytes and 
neutrophils. Foci of l 3 miphocytes were also seen just beneath the endocardium. 
Though the number of inflammatory cells ivas never verj’ large in any one area, 
thej' were present in manj- blocks cut from different parts of the different parts of 
the mjmcardium. The relation of the mj'ocarditis to the bronchopneumonia whic i 
was present in four of the seven patients is discussed. The high incidence of mjo 
carditis in this series warrants the consideration of supportive measures. The su 

den death of three of these patients niaj' be attributed to the myocarditis. 

Authors. 


Lisa, J. R., Solomon, C., and Eckstein, D.: Persistent Tachycardia and Pulse- 

Temperature Disproportion: Relation to Acute Myocardial Lesions. m. 

M. Sc. 203: 801, 1942. 

In cases of persistent tachj'cardia and disproportion between the pulse rate a 
temperature level the acute mjmcardial lesions were studied. In 100 cases ^ 

the phenomenon, acute lesions were present in eighty, a chionic 
lesion in one. In ninetj’-eight cases in which the phenomenon uas a sen , a ^ ^ 
lesions were present in nineteen, a chronic granulomatous lesion in one an . } 

loidosis in one. The relation between the pulse and the temperatuie appe. 
offer a simple and valuable index to the presence or absence of acute m\oc 
damage in a high per cent of cases. 


Authors. 
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jrsr.“v '>'»' ’■'- '“^ 

“ -::::', - 

U..d d»™g *■».. 0 ».d,o «orc parr,c.l..dy nd, ,., «■;;"« ■' ■ 

Therapeutic roentgou inwliutio^^ of tUc eupniionnl glniul,-, if Mit< c^.s^ il, n.ull l 
in Laipenrance of the abrupt AC cliscliargca on oiTorl, coiiu-Kbrig with <- 0 )np|ett 
or almost complete ^appearance of the snlijcctivo anginal symploms for penmls 

of several months. _ _ 

The significance of these observations is discussed from the point of vn-iv of tin: 
theory that angina upon effort is caused hy the .specific nno.viating effect of .sudden 
suprarenal discl.arges upon the heart muscle whose oxygen .supply is inadequate due 
to sclerosis of the coronary arteries and their inability to dilate adequately. 


Smith, C., Sauls, H. C., and Stone, C. T.: Subacute Bacterial Endocarditis Buc 
to Streptococcus Viridans; A Survey of the Present Status of the Previously 
Reported Cures and a Clinical Study of Fifteen Treated Cases, Including An- 
other Cure. J. A. At. A. 119: -ITS, 19-12. 


There has been a gradually decreasing niorlulity rate in subacute Imctcriul endo- 
carditis since the advent of the sulfonamides. 

The literature has been .searched for authentic instnnees of cute of subacute 
bacterial endocarditis due to Streptococcus viridans Jind ifo rojiorts wore found. 
The authors of these reports were written to and follow-up notc.s to date luivo been 
obtained. 

The clinical records of 15 patients treated by .several pliysieiuns at the Piedmont 
Hospital and Emory University Hospital which have been tabulated .show that there 
were 2 patients who recovered in this group. 

Various therapeutic procedure.s have been used in eoinbinatiou with the sul- 
fonamides including heparin, ncoarsplicnamine, liyperiiyrc.via liy diathermy, and hy- 
perthermia with typhoid-paratyplioid vaccine. The latter is most recent and in 'a 
small series of cases has afforded the best rccovcrv rale. Heeause of increased 
tolerance without decreased effieieney, sulfadia'/.ine witli intravenous tvplioid is prob- 
ably the method of choice at tlie present time and should receive extensive clinical 


amcal tnal on larger groups of patients with the combined uses of .sulfndiar.ino 
and the mtiavenous use of typhoid-paratyphoid vaccino should bo carried out. This 
lethod has so far offered the best recovery rate, but the number of patients treated 
m tins manner m too small to justify final conclusion at this time 

Surgical ligation must be considered for those patients hnving riatent ductus 
arteriosus associated with subacute bacterial endocarditis. 


Aijthoks. 




The clinical, pathologic, and 
brucella endocarditis. 


bacteriologic data are detailed for a patient with 
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The patient received a total of 31 6m. of sulfathiazole and 236 Gm. of sulfa- 
nilamide. This therapy had no effect upon the bacteremia, and only temporary 
clinical improvement was observed. 

Authors. 

Yampolsky, J., and Powel, 0. C.: Syphilitic Aortitis of Congenital Origin in 

Young ChUdren. Am. J. Dis. Child. 63: 371, 1942. • 

The case of a colored patient 9 years of age with both a maternal and a birth 
history of syphilis is presented. 

Pathologically the aortitis has been diagnosed as of syphilitic origin, and the 
case must be classified as one of sj'philitic aortitis due to congenital syphilis. 

Authors. 

Wile, IT. J.: The Principles Underlying the Treatment of Cardiovascular Syphilis. 

Ann. Int. Med. 15: 817, 1941. 

The fundamental principles governing the treatment of cardiovascular syph- 
ilis embrace the careful appraisal of each case with regard to the therapeutic 
response which might reasonablj' be expected from the type of lesion present. 

Cases in which failure is present should receive treatment no different from 
that given heart failure from other causes. 

Cases most favorably influenced by anti-syphilitic treatment are those in which 
physical signs exist without symptoms, and in which there has been little or no 
previous anti-sj'philitic therapy. 

Asymptomatic cases, in wliich treatment directed toward syphilis has been en- 
ergetic in earlier years, may often be singled out as cases which need no treatment 
whatever. 

The beneficial effects of anti-sj'philitic treatment upon cardiovascular sypliilis are 
in a measure the result of the treatment with the drugs of choice upon subclinical 
syphilitic lesions in parts of the body remote from the heart itself. 

Intensive treatment, such as is given in early syphilis, is seldom indicated in tlie 
late cardiovascular sequelae. Although beneficial results may be noticed with con- 
servative arsphenamine therapy, the heavy metals, generally speaking, are consid- 
ered safer and more productive of equally satisfactory therapeutic response. 

Author. 

Stewart, H. J., and Evans, W. F.: Peripheral Blood Flow in Myxedema. Arch. 

Int. Med. 69: 808, 1942. 

Using a method which Stewart and Jack and Stewart and Evans have employed 
in earlier studies, measurements were made of peripheral blood flow in 6 patients 
suffering from mjrxedema when they were first seen before treatment and again on 
several occasions during the course of thyroid therapy. In addition, ceitain 
measurements of the circulation were recorded. The results are summarized as o 
lows: 

In persons in a myxedematous state when the basal metabolic rate wa.s mv, le 
peripheral blood flow in cubic centimeters per square meter was decreased. I.iti an 
increase in basal metabolic rate toward a normal level during the administiation o 
thyroid, a progressive increase in peripheral blood flow occurred, so that a ineai 
relation was maintained. These changes were opposite in direction to those observe 
in persons with thyrotoxicosis and confirm the relation between periphera oo 

flow and basal metabolic in these two diseases. 

The cardiac output is decreased in patients with myxedema. How the organs 
share this decrease is not knonm, but it is now shown that the amount o 
allotted to the periphery is decreased. 



AHSTRACTS ANH HF.Vll'AVS 


8ri7 


The ciTculfttioii time ireatment was i)roloit}r(..l 
creases tooh place. Shortonia, of eireulution tune ran paraUd 

crease in basal metabolic rate ana in peripheral blood Hon. in 

Tho elmngc, i. ,»l.o ™l« n»,l prc»M„o n»Cl.l.v 

basal metabolic rate ami pcripliornl bloml flow. cbn.ures 

For the mo.st part, change in the avoraRe siau temperature follovud tin a nf, 

in basal metabolic rate and in peripheral blood flow. 

No direct relation was observed between uvoruRe sU.n temperature ami . 

perature of the hands and llie feet. i,,,.;,!,'- 

No constant or .significant changes in rts-tal temperature were ol.Mrvid during 

the several periods of stiulv of each subject. 

Conservation of heat has been suirgestml as an explanation for tl.e divrease m 
peripheral blood flow in untreated patients suffering from my.vedenm. 


Greene, A. M., and Hurxthal, L. M.; A Postoperative Pollow-Up Study of Pour 

Hundred and Sixty-Nine Thyrocardiac Patients. New Kiigland d. Med, 22o: 

811, Iflil. 

Four Imiidrcd and si.vty-nine thyrocardiac ea.ses in wliieh operation was performed 
from 1922 to 19.17 have been followed. Jn the first group of .'td.l ptitienls, openited 
on between 1922 and 1932, 101, or ol.l per cent, are living; 122 have normal heart 
rhythm, and •12 continue to liave !(uriculnr fibrillation. Of the second group of Itul 
operated cases, 128 patients nre still living, 98 of whom have normal heart rhythm. 

The case mortality was -1.5 per cent, and (he operative mortality wn.s .“lightly 
less than 3.0 per cent, 

Tho incidence of recurrent hyperthyroidi.sni in the first group followed from .«ix 
to sixteen years was over 10 per cent, which shows that tho inci<ietice increases the 
longer the period after operation. 

Although tho.se patients arc restored to normal activity for tlie most part, their 
e.xpcctancy of life ba.sod on the firc.sent follow-np falls considerably .short of tho 
predicted expectancy. 

Ainnon.u. 


Werle, J. M., Cosby, K. S., .and Wlggors, C. J.; Obscn'.itlon.s on Hemorrhagic 
Hypotension and Hemorrhagic Shock. Am. .T. Physiol. 13C: Kll, 19 52. 


By the expedient of regulated hemorrhnge.s, dog.s nnc.sthetizcd with sodium 
barbital, araytal, or chloraslosane were kept in a .state of severe hypotension for 
varying interrals, after which all tho withdr.awn blood (heparinized) was reinjected. 
Central arterial, central venous, uiul intnithoraeic pressure cimnges were recorded 
throughout the experiments. 


A continuing state of jmst hcniorrlmgie hypotension is not iiecessarily e(|uiv!ileii( 
to .shock, for in many .animals (a) arterial jiressures and iml.se.s were restored to 
normal for many hours by reinfusion of tbe withdrawn lilood even when such unimals 
were on the verge of cardiac or rc.sjiiratory failure, and (b) the viscera .showed no 
pathological changes at autopsy. 

If, however, both the intensity and duration of the posthemorrhagic livpoiension 

tcmpoianly benefited by generous infusion of blood, and (h) the duodenal and 

if .and bleeding with pre.sence of 

logicaTchaiiges.'*"‘ ' path- 

Whilc the elusive “re.si.stance factor” interferos icid. ..«< .... 

tl» p,„S„,c for 
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lies in creation of a preliminary period of moderate hypotension (ca. 50 mm.) 
followed by a shorter period of extreme hj'potension (ca. 30 mm.). Using such a 
scheme, the minimum effective durations for these respective stages were found to 
be less than 90 and 45 minutes and more than 60 and 30 minutes in our trials. 

We have discovered no new djmamic criteria w'hich enables us to determine 
whether a period of posthemorrhagic hypotension will be followed by failure or 
recovery on reinfusion. Indeed, hemorrhage equal to 3 to 4 per cent body weight can 
produce all the changes in arterial pressure pulses seen in most severe shock due 
to other causes. Irreversibility after substantial infusion, admittedly unsatisfac- 
tory as a practical guide, is unfortunately the only reliable one at present. 

Circulatory failure following reinfusion of all withdrawn blood developed despite 
an adequate blood volume and regardless of hemodilution or hemoconcentration. 
Augmented hemoconcentration induced by plasmapheresis had no discoverable ac- 
celerating action. The factor which precipitates the irreversible state of hemor- 
rhagic shock resides in the cardiovascular system. Eeduction of effective venous 
pressure did not account for the failure of arterial pressures in the majority of our 
animals. Since, in the majority, effective venous pressures were at or above normal 
levels during the postinfusion decline of arterial pressures, the deterioration of ar- 
terial pulses must be due to impairment of the heart, changes in the aorta and 
its elastic branches, and/or in the resistance at the periphery of the arterial tree. 

The supervention of cardiac alternans during early periods of posthemorrhagic 
hj’potension, the later tendency toward progressive slowung, the poor response to rapid 
infusions and the terminal rise of venous pressures suggest operation of a cardiac 
precipitating factor in some of our animals. 

Authors. 

Poa, P. P., Woods, W. W., Peet, M. M., and Poa, N. L.: Effective Eenal Blood 

Plow, Glomerular Piltration Rate, and Tubular Excretory Mass in Arterial 

Hypertension. Arch. Int. Med. 69: 822, 1942. 

Effective renal blood flow, filtration rate, and renal tubular excretory mass have 
been determined for 20 patients with hypertension and for 7 nonhypertensive sub- 
jects. 

The results indicate that arterial hypertension in man is accompanied by reduced 
renal blood flow, owing to increased resistance of the efferent glomerular vessels. 
However, they do not prove whether ischemia is a causal factor in hypertension or 
is simply one aspect of the systemic vascular disease. The relation between the 
function of the renal vessels and other clinical and morphologic observations is 
discussed. The latter include data on blood pressure, the condition of the eye- 
grounds, urine concentration, urea clearance, nonprotein nitrogen content of the 
blood and ratio of the wall to the lumen of the arterioles of intercostal tissue ob 
tained for biopsy. 

The patients are being studied approximately two weeks and six months a ter 
supradiaphragmatic splanchnicectomy and lower dorsal sympathetic ganglionectomy. 
The results of postoperative study will be reported in the future. 

Authors. 

Kahn, J. R., and Laipply, T. C.: Prequency of Bilateral Renal Disease in Per- 
sistent Hypertension. Am. J. M. Sc. 203: 807, 1942. 

Prom this study it is obvious that in nearly all cases of persistent hypertension 
with vascular disease the renal disease is bilateral. The renal involvement may 
much more marked in one kidney than the other and can be so extreme as P 
duce a functionless or almost functionless organ. All known clinical tests o e 
cretory function may fail to detect renal vascular disease. The weight an 
of the kidney are not directly proportional to the degree or duration of tie lyper 
tension. 


Authors. 
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McLennan, 0. E., McLennan, M. T„ and Landis, E. to aa^iU ar y 

Pressure on the Vascular Volume of the Forearm aiid .Eoljtlm to a ^ j 
Blood Pressure and Venous Pressure. .T. Clni. Invest iKalmn ..1. . 

The pressure plethysmograph was used (o (letcrniinc the effect of !,r ■' 

ternal pressure on the vascular voUune of the foronrin, for t n. pnr|i(K ^ ^ 
termining: the usefulness of this procedure in ostimatiu}: tlu> blood ]>rcsM 

minute vessels collectively. 

With external pressure ranpinp from 0 to 00 nun. Ilf:, i)ressiire-\ o i ■ 

were determined in 20 normal 8ul)jecfs (a) by suddenly arrest inpf the rin.n a in 
the forearm and measuring; decrease in volume, and (I)) by releasing cirnt a mn 
suddenly after prior arrest mid meiisuriiifr inerease in volume durinfr the ensmatc an < 
hyperemia. The term “dynamic vascular volume” was used to indicate that t le 
volume of blood in actuarmovemont was beitiR measured under these conditions. 

In the normal forearm “dvnamic vascular volumes'-’ were jxreiitest when external 
pressure was between lu and 35 mm. IIs, becoming less at external pressures above 
and below this range. 

To record the relation between “dynamic vascular volume” and external iiresMire 
in the form of a single numerical ■value, an objective mefliod of ntialyr.ing the 
pressure-volume curves was adopted. Tiio single \-alue thus obtained was termed 
Pmve and was defined as “that external pressure at whicli the vis a lergo of the cir- 
culation is able to heep open the greatest collective dynamic vascular volmne. ” 
Prove dcfcrniinod in the forearms of 20 normal .‘•iibject.s with the forearm seg- 
ment at heart level and at o l° C, was 27, 21 and 21 mm, Hg by Methods T, 1 1, and 
III respectively. Kcasons are given for regarding Methods 1 tind II as the most 
useful. In the normal subject the results by all tbree methods liad rotighly the same 
order of magniludo as average c.apillary blood i>ressnre wlicn determined directly. 

This similarity between Pjiia'c and directly determined rni)ilhiry blond prosstiro 
held also when the latter was rodticed by elevating (he forearm or increased Iiy known 
venous congestion and by depressing (tie forenrm below hetirt Itwel, 

With due precaution against, assuming ton quickly the quantitative validity of 
any indirect method of measuring intrnvji.«ciilar pre.ssiirc, it is .suggested (hat tlie 
plethysmograpliie metliod m:»y be u.Boful in .studying the volume of blood attd the 
pressure in the minute vessels of the forearm in edinioal conditions. 

L. W. Horn. 

Leary, T.: Arteriosclerosis. Bull. Iscw Tork Acad. Afed, 17: 8.':7, IfMl. 

Atherosclerosis, the important form of arteriosclerosis, is distinguished from 
other forms of arterioselerosi.s by the pre.'-ence of excess cholesterol in the lesions. 
It is the “cholesterol disease” of inau. 

Excess cholesterol, i.e., visible cholesterol, is nn irritant, prvnlueing lesion.s in the 
experimental rabbit (in addition to atherosclerosis) resombling tho«e produced 
by intravenous silica. 

Earliest lesion.s of athorosclero.ri.s in the c.xpcriniental rabbit and man are marked 
3 the presence of foam cells containing cholesterol esters in the subendolhelial laver 
of arterial intima. This lesion regresses in nthcromu bv a nieclmnism 

nodnriSnsTrtlm diser'""'' tlm characteris'tic 

in liver and adrenal cells to the noint of boor • i * ‘^‘’P”-'’'tion of these ester.s 

esters and their removal from the liver siml of liie excess 

cells; escape of these cells into the cireubition-^lh • corresponding 

vasion of the arterial intima Tl^s Z b 1 

cretions are made to those alr^adj started. " ^--ns, or ac- 
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_ Excess cholesterol is the cause of atherosclerosis. Stresses determine the local- 
ization of lesions. Thyroid secretion controls cholesterol metabolism Sex age 
(time + thyroid deterioration) and heredity are modifying factors. ’ 

Diet, -with limited or absent cholesterol, should prevent atherosclerosis. Vegetable 
oils, whose sterols are not absorbed, can be substituted for animal fats. 

Author. 

Sprague, H. B., and Westinghouse, W.: Arterial Occlusion in Relation to Effort 
With Special Reference to the Retinal Arteries. New England J. Med 225- 
1002, 1941. 

Seventy-seven attacks of acute arterial occlusion in 75 ambulatory patients 
are described: 30 of these occurred in the retinal arteries of 29 patients, and 
47 occurred in other peripheral arteries of 46 patients. 

In 3 cases, the occlusion took place during rather severe effort, and in 2, a 
few minutes after unusual exertion; in 37, the occlusion occurred coincident with 
mild or very moderate effort, and in 35, when the patient was at rest either in 
bed or sitting in a chair. 

Peripheral arterial occlusion from embolism, thrombosis, or endarteritis rarely 
occurs during unusual physical effort even in patients with cardiovascular disease 
of a degree compatible with quite strenuous exertion. In this series, such occlusion 
occurred approximately fourteen times as often when the patient was at complete 
rest as when engaged in the ordinary exertions of his usual life. 

In approximately half the entire series of arterial occlusion — embolic and 
obliterative — the patient was physically inactive. This suggests that the conditions 
necessary for either embolism or thrombosis are as effective with reduced as with 
increased blood flow, and that the occurrence of such an accident is at least 
fortuitous. 

Author. 

Binford, 0. H.: Syphilitic Aneurysm of the Superior Mesenteric Artery. Arch. 
Path. 33: 691, 1942. 

A Negro man, aged 60, presented at autopsy a large syphilitic aneurysm of the 
superior mesenteric artery and hepar lobatum. The Kahn reaction of the blood was 
positive, and Spirochaeta pallida was demonstrated in sections of the aneurysmal wall. 

Author. 

Williams, R. R., and Zeek, P.: Periarteritis Nodosa With Peripheral Polyneuritis 
and Hyperglycemia: A Case Record Presenting Clinical Problems. Ohio State 
M. J. 38: 148, 1942, 

In this case the diffuse pancreatic involvement accounted for the glycosuiia, 
hj-perglycemia, and terminal peritonitis. Either the pancreatitis or the gastric 
ulcers furnish ample cause for the abdominal pain and vomiting. Lesions also were 
found which accounted for the testicular tenderness and the polyneuritis. The partia 
plugging of the ampulla of Vater may have caused the jaundice. The widesprea 
involvement of the blood vessels, both in the kidneys and elsewheie, was proba y 
the basis for the hypertension and myocardial hypertrophy. 

The correct diagnosis in this case was made clinically on the basis of a generalize 
systemic febrile disease ivitli manifestation referable to multiple viscera, hyper 
tension, and progressive perijiheral polymeuritis. The muscles taken for (liopsy di 
not contain small arteries of the tyqie usually involved in periarteritis nodosa an 
was therefore of no value in diagnosis. The skin biopsy, however, contained a small 
artery and confirmed the clinical impression. It is of interest that this positive 
biopsy was obtained from the area of the papulo- vesicular dermatitis oter the 
abdomen. 


Authors. 
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, TT T • Tollow-Up Studies in Coronary Occlu- 

Master, A. M., Dack, S., and . . • Physical Signs. A"cu- York Slate 

Sion. I. Degree of Recovery, Symptoms, and Physical higns. 

J. Alecl. 42:’ 413, 1942. 

A »* ti.. ...IP.., - “;;f 

and physical examination, has liccn made m a gro ] 

recovered from an acute coronary occlusion one to mx jears prcxn • . 

CIlnicBl recovery from tl.c otuick .vos good in ono-fl.ird, poor ''“’j , 

Mr in lUe r.moinder ot the eerie,. T»'o-«ttU. el.otved no or onh- rt.gW .e..lr».l.on 

of pliysical activity. j> ,• i 

Two-thirds of the patients complained of prceordial pain, dyspnea, or a igue am 
one-tliird liad no symptoms of cardiac disability. 

Angina pectoris occurred in threc-fiftlis of the patients. Coronary occlusion may 
initiate an anginal sNudroinc or aggravate one previously prc.=t>nt. On the other hand, 
pre-existing nngina pectoris may disuppoar completch following the aline 
presence or absence of .anginal pectoris wa.s not influenced b\ the level of llie blood 
pressure. 

Dyspnea, present in over lialf the patients, was oeeasionally the only svinptonis of 
lieart failure or cardiac di.=abilily. 

AVealcness was common but only rarely occurred iu the absence of pain or dyspnea. 
Chronic congestive heart failure wa.s present in one-fourth the patients, a nmch 
lower incidence than during the attack and of a milder degree. 

Persistent diminished amplitude of the heart sounds, parliciilnrly Iho fir.«l apical 
sound, was observed in about onc-lialf the patients. This sign may be of diagnostic 
value in. subjects over 40 .suspected of coronary disease. Gallop rhythm, a sign of 
a failing heart, was not uncommon. 

The heart rate and rhythm were normal in the great majority of patients. 
Paroxysmal or permanent auricular fibrillation occurred in only 5 patients. Tito 
rarity of arrhythmias in this series is in marked contrast to their frequency iu the 
acute stage of coronary occlusion. 

Hj-pertension, wliich had been present in Iwo-tliird.s of tlie patients prior to the 
acute attack, returned or persisted in only one-tliird of tbc group following recovery. 
Although h^qpertension did not influence the frequency or severitv of angina pectoris 
or the frequency of subsequent attacks, it \vn.s more common in those who developed 
heart failure and in those whose clinical recovery was poor, 

One-lialf of tlie patients resumed their former occupations, either full or jiurt 
time. Inability to work was nearly alwny.s attributable to an anginal svmdromc or 
heart failure. Mild angina pectoris or dyspnea, however, did not. prevent return 
to work. The great majority of patients who resumeil work did so within .six months 
after discharge from the hospital. 

It is concluded tl.at at lea.st one-third of ho.spital ward patients wlm recover from 
acute coronary occlusion may lead a fairly active life with no, or onlv slight re- 
striction of ordinary activities. ' 


Autiiou.S. 


A «a,e of tl.ronibosi. in n dintelio ,onll, of 20 years is nresentoO 


Author.s. 
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Espersen, T.: Studies on the Cardiac Output and Related Circulatory Functions 

Especially in Patients With Congestive Heart Failure. Acta med. Scandinav’ 

108: 153, 1941. 

A brief review is given of the results reported by some previous investigators in 
determination of the cardiac output in the clinic, especially on cardiac patients. It 
is pointed out that in most instances the technique has been of dubious value. In 
particular, in determinations carried out on cardiac patients presenting phenomena 
of incompensation, only minor significance has been attributable to a majority of 
the reported results because they were obtained with anything but a reliable technique 
and, hence, seemed too accidental. 

The writer, therefore, has given an account of the results of his own circulatory 
studies. To all his experimental subjects, he has applied the method given originally 
hy Ejnar Nielsen, and later modified by the writer. In addition, Grollman’s re- 
breathing procedure (modified) has been emplojmd too in a good many of these 
cases. 

It is shown that the values obtained for oxygen utilization and thus for the 
cardiac output and stroke volume too in determinations on heart and lung normal 
subjects (Group T) after the Nielsen method are of the same magnitude as those 
obtained by determination after Grollman. 

In 16 patients with compensated cardiac disease (Group II) the values obtained 
for the cardiac index after the Nielsen method were of normal magnitude in 14 cases ; 
in the remaining two cases the values were just about at the lower normal limit. 

In nine of these 16 patients it proved practicable to carry through experiments 
with the modification of the Grollman method suggested by Grollman, Friedman, 
Clark and Harrison. The results agree fairly well with those obtained after the 
Nielsen method. 

In the compensated cardiac patients, the values obtained for the oxygen utiliza- 
tion are about 8 per cent (Nielsen method) and 6 per cent (Grollman method) 
higher than the values obtained in the normal material after the same methods — 
in other words, they are of the same magnitude as the average values for utilization 
in persons with normal circulation. But the variability of the obtained values is 
greater in Group II than in Group I. 

Among the 27 patients with incompensated cardiac disease (Group HI) examined 
after the Nielsen method, 15 showed a cardiac index of normal magnitude (in one 
case, at the upper normal limit), whereas the cardiac output was found to be de- 
creased in the remaining 12 cases. 

The average utilization for the entire Group III is respectively 35 per cent and 
25 per cent higher than the corresponding values for Group I and Group II. In 
Group III the variability of the values for oxygen utilization is considerably greater 
than in the first two groups. 

In 16 of the 27 patients of Group III the oxygen utilization was found to be 
higher than normal; in the remaining 11 cases the utilization values were of normal 
magnitude. 

Among 12 patients with more or less pronounced cyanosis 4 showed normal oxy 
gen utilization and normal cardiac output. 

Albuminuria was present in ten of the patients in Group HI- In h''® 
cases the cardiac output was found to be decreased ; in the remaining five t le car 
output was normal. 

For examination of incompensated cardiac patients the Nielsen method is superior 
to the Grollman method and its modifications, not only theoretically but a so ec i 
nically. Among the 23 of the 27 patients in Group III on whom the writer rie o 
carry out the Grollman determination, only 13 were able to perform the rea mg 
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after the two methods agreed fairly ^^el . forward-failure hypothc- 

- — .e ,vuu «.o qapcd,qe„t». «• 

suits here reported. Abtuou. 

T -v f m & aud Betliuer K.-. DupUcate Measurements of Circulation Time 
Lilieufeia, A., am Betimer, jx.. u ait,,! Tv-Tod fiS- 730 3042. 

Made With the Alpha Loheline Method. Arch. Tut. hied. 69. i6.,i 

One hundred duplicate measurements of circulation time were made, uith alpha 
lobefee hydrochloride u.sed us an agent. The interval between ie.sts varied fiom 

"'?oL!LS™™es in the results of the dupHeate tests m 

many instances. In only 3 cases were identical results obtmucd. ^ 
differences varied from 3 to 199 per cent, with an aveiage r.im lo | 

'The result of the second test was higher than that of the first just as frequentlj as 
it was lower. In 12 cases the second injection failed altogcthcy to produce eoug ). 
The factors wliicli may have been responsible for the variations in results are dis- 

Differences in the results of duplicate tests were greatest m patients suffering 
from congestive heart failure. Other investigators using different methods reported 
the same observation. Tests of circulation time in general and the alpha lobelinc 
test in particular should not be relied upon to evaluate the progress of a patient with 
congestive heart failure unless the changes shown by these tests are marked. 

AUTHORS. 

Wiggers, C. J., and Werle, Jacob M.: Cardiac and Peripheral Eesistance Pactors 
Determinants of Circulatory Pailure in Hemorrhagic Shock. Am. J. Pliysiol. 
136: 421, 1942. 

Dogs under morphine-barbital were bled until a marked state of hypotension was 
maintained for several hours. At the end of such a period the withdrawn blood 
(heparinized) was reinjected. A state of shock was considered to exist wheu .such 
reinfusion failed to maintain arterial pressures for at least three hours and the 
upper intestines showed hemorrhagic changes at autopsy. 

Cardiometer curves were recorded optically with aortic and venous pressures, and 
simultaneously on a kymograph as well. Clianges in cardiac behavior were assessed 
from critically evaluated optical volume curves. Total peripheral resistance (TPR) 

was calculated from bj- use of calibrated drum records, 

cardiac output/sec. 

Experiments on 11 dogs consistently showed decreases in stroke and minute volumes 
dunng post-hemorrliagic hypotension and postinfusion failu?-e, but the manner in 
uhich such reduction was occasioned differed. In one group, decrease in .stroke was 
accompanied by decreasing venous pressures, in another it developed despite .an eleva- 
tion. Analyses of volume curves indicate that the capacity of the ventricles to 
respond to a given venou.s pressure (stretch) is reduced and that such liypoclynamic 
corn? pressures decline coneurrently. Prolonged reduction in 

coronary ffoir during severe hypotension is suggested as the cause. Our results 

temporal, tmT”!', ” 7 T““'’ nerves 

P.e..n™ n«e, ini.,., „e»„...,e, L. ” 
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failure after reinfusion showed no increase in TPE. Consequently, our conclusion 
that development of hemorrhagic shock is not contingent on existence of high or low 
TPE. Persistence of an augmented TPE seems to retard rather tlian facilitate tlie 
development of hemorrhagic s'hoclf. Failure of a compensatory increase in TPE may 
be a second precipitating factor in creation of an irreversible state. 

L. W. Both. 

Burch, G. E., Cohn, A. E., and Neumann, C.: A Study by Quantitative Methods 

of the Spontaneous Variations in Volume of the Finger Tip, Toe Tip, and 

Posteriosuperior Portion of the Pinna of Besting Normal White Adults. Am. J. 

Physiol. 136: 433, 1942. 

The spontaneous variations in volume of the tip of the right index finger, the tip 
of the right second toe and the posterosuperior portion of the riglit pinna of 12 
normal white adults have been studied quantitatively. All parts have undergone con- 
tinuous variations in blood volume which consist of at least five separate rhythms. 
The effects of the heartbeat and respiration were reflected in the pulse waves and 
respiratory waves respectively. The three other waves were arbitrarily named alpha, 
beta, and gamma. 

The mean frequency of the alpha waves Avas 7.9 per minute in the finger tip, 7.7 
in the toe tip, and 8.6 in the pinna. The mean volume of the deflections was 14,5 
cu. mm. per 5 c.c. of finger, 7.1 cu. mm. per 5 c.c. of toe and 6.6 cu. mm. per 5 c.c. 
of pinna. The frequency of the beta deflections varied from one to two per minute 
and the size from 5 to 60 cu. mm. per 5 c.c. of tissue. The number of gamma de- 
flections varied from one to eight per hour and the volume from 50 to 350 cu. mm. 
per 5 c.c. of tissue. 

The alpha waves obtained from the finger tips of the 12 subjects fell into three 
tj'pes. In tj'pe I (5 subjects) the deflections were relathely small and varied very 
little in size. Type III (6 subjects), on the other hand, showed a wide spread in 
the sizes of the deflections, many being large. Tjq)e II waves, found in a single 
subject, Avere intermediate betAveen those of type I and type III. The subjects AAuth 
type I Avere phlegmatic and stable AA'hile those Avith tjq)e III Avere excitable and ex- 
hibited wide fluctuations in mood. 

L. W. Both. 


Neumann, C., Cohn, A. E,, and Burch, G. E.; A Study by Quantitative Methods 
of the Spontaneous Variations in Volume of the Tips of the Fingers and Toes 
and Posterosuperior Portion of the Pinna of Hypertensive Patients and Senile 
Subjects. Am. J. Physiol. 136: 451, 1942. 


The spontaneous variations in volume of the peripheral blood vessels of the tip 
of the right index finger, the tip of the right second toe, and the posterosuperior 
portion of the right pinna were found to be about the same in patients with 
diencephalic hypertension as in those Avith renal hypertension. The configurations an 
other characteristics of the 5 types of rhythm in the blood vessel’s of these parts were 
found to be essentially the same as those described as occurring in 
jects. In no instance Avere the alpha Avaves of these patients of type I. le 

patients Avith hypertension, 10 exliibited type II Avaves, and 3, type III. AAere 

emotionally unstable and excitable. _ . t n.. <- 

In senile subjects the 5 types of rhythmic spontaneous variations were a so a u 

the same as in the normal subjects and in the patients with hyper ension, wi i le 

exception of the volume of the pulse Avaves of the toes Avhich was sma er. uc i sm 
AAmves are probably due in large part to arteriosclerotic changes. le a p la waves 
in all of the senile subjects Avere of the stable variety, tj^e . 
due to a sluggish psychosomatic state so Avell knoAAm in senile in ® ^ 

Avhether individuals aa'Iio are emotionally stable and not easi y exci a e ive onge 

is a problem which was not studied. ... 

L. W. BOTH. 
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• -n j un-ri^vi c' "P ■ A Study of the Relationship Be- . 

” “Ve vr knd i t.. i,p, .t Tinker, apd T.« »f rive 

Adults. Am. J- Physiol. 136; 448, 1942. 

alpha a.d pale. 

in 34 oer cent, and in the toe tips in 71 per cent. The range ^\as to ^ 
in the finger tips and 02 to 76 per cent in the toe tips. In the ^ 

simultaneous alpha waves were concordant in 56 per cent the 

The pulse waves were concordant in 45 per cent. Forty-five per cent of the.simul 
taneous variations in the size of the pulse waves m the finger and toe tips were 

concordant. Authors. 


Wood, E. H., and Moe, G. K.: The Measurement of Edema in the Heart-Lung 

Preparation. Am. .T. Physiol. 136; 506, 1942. 

The average ventricular w'cight/body weight, and lung weight/body weight 
ratios from eighty-five heart-lung preparations have been compared with similar 
ratios from normal dog.s. The differences found in the average ratios indicate that 
on the average 18 per cent and 60 per cent of the final heart-lung ventricular and 
lung weights respectively arc edema fluid. 

Satisfactorj’ agreement was found between the edema calculated from cardiac 
chloride analyses and the edema determined by the weiglit increase of four blood- 
perfused Langendorff dog hearts. 

The average ventricle weight/body weight ratios of 23 heart-lung hearts corrected 
for edema on the basis of chloride analyses was not significantly different from 
normal. 

The edema content of heart-lung hearts cannot be adequately corrected for edema 
on the basis of tissue water content. Concentrations of tissue constituents of this 
or similar preparations are of little significance if expressed on a dry or a W’et 
Aveiglit basis. 

In the majority of heart-lung preparations a positive correlation exdsts between 
the relative magnitudes of cardiac and lung edema which occurs. Tliis constitutes an 
indication that similar factors are responsible for the edema formation in the two 
organs. 

The major part of the edema fluid whicli accumulates in heart-lung hearts appears 
to be e.vtracellular in position. 

‘ ■ Authors. 


Hertzman, A. B., and Both, L. W,: The Vasomotor Components in the Vasculai 
Reactions in the Finger to Cold. Am. J. Physiol. 136: 669, 1942. 

The vascular reactions in the finger to chilling have been e.vamined by means 
of the photoelectric plethysmograph. Analysis of these reactions was concerned 
\Mtlv the roie ot the vasomotor reflexes. 

The initial immediate constriction on application of cold is due to vasoconstrictoi 
EvlSn'cc-'' ' '' superimposed somewliat later the direct constrictor action of cold, 

e^'itrol fingers of the same 
” If constriction is usually more intense in the chilled finger 

- If a lasoconstrictor reflex is not elicited in the co.ntrol fingers by an applfca 
of moderate cold, the constriction in the chilled finger occurs in a oradimt 

st;:;: " ■” *» «” 

•» -e-* 

application of cold, occurs independently of the vasomotor system. 
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Evidence : 

1. The dilatation may be limited to the chilled finger and may occur there when 
the vasoconstrictor tone is high in the control fingers. 

2. V asoconstrictor reflexes were elicited in the chilled finger during the reactive 
dilatation in some experiments, while in other instances definite evidence of vaso- 
constrictor paralysis in the chilled finger was obtained. 

L. VV. Both. 


Lange, K., and Boyd, L. J.; The Use of Fluorescein to Determine the Adequacy 
of the Circulation. M. Clin. North America 26; 943, 1942. 


The presence of fluorescein in the ti.ssue caii be easily determined by its fluores- 
cence under filtered ultraviolet light of a certain wavelength. This method which 
was first published by one of the authors in 3931 for directly and objectivelv de- 
termining the circulation time can also be used for establishing the presence or 
adequacy of local circulation. In regard to the first it is an objective method devoid 
of the defects of other procedures, in respect to th.e second it seems to possess greater 
delicacy and wider utility than the injection of radiopaque whose field of application 
is naturally rather limited. 


The new objective method for determining the circulation time ^fields the follow- 
ing values: Normal adults range from 15 to 20 seconds with an average of 17.1 
seconds in eighty-nine patients from arm to lips, in cardiac failure the time varies 
from 20 to 68 seconds (average 39) although 10 per cent of seventy-eight patients 
had a normal reading; hyperthyroidism was always associated with a shortened 
circulation time, 7 to 14 seconds (average 10.6 seconds in thirty-six cases). Neither 
Lugol’s solution nor operation immediately induce a reversion to normal, despite a 
favorable influence on tlie basal metabolic rate bj* these measure.®. Eight of nine 
cases of hypothyroidism .«howed a prolonged circulation time of 21 to 34 seconds 
(average 26 seconds). 

Although the dye can be used to determine the circulation time in all types 
of experimental animals without recourse to anesthesia and hence permits studies of 
the permeability of vessels under the influence of drugs, this has not been discussed 


at any length in this clinical paper. 

The intestine of experimental animals and man shows an intense fluorescence after 
the intravenous injection of fluorescein and ultraviolet illumination of the intestine. 
Incarcerated portions of the bowel do not give this emission ; the adequacy of the 
blood supply to the viscus, after liberation from incarceration, can be immediate!.^ 
ascertained. Clamping of the mesenteric arteries may cause infarction nhich can be 
demonstrated bv the absence of fluorescence in the area affected. The importance of 


these observations hardly requires emphasis. 

Finally the skin can also be made fluorescent; the portions of the extremities no 
supplied by blood remain dark rather than fluorescent. The application of t lis 
diagnostic aid in peripheral vascular disease has been sliomi by an illustrative case 
of diabetic gangrene; inadequate blood supply is shown by diminished fluorescence. 

Authors. 


Hert 2 man, A. B., and Both, L. W.: The Keactions of the Digital ^Artery and 
Minute Pad Arteries to Local Cold. Am. J. Physiol. 136: 680, 194— 

A. The selective effects of local cold on the terminal pad vessels and the dig'ta 
artery of the chilled finger were demonstrated by means of photoelectric p e i, s 

graphs. T -f n hv 

The digital artery does not participate in the vasoconstrictor le exes e ici e 

the cold. Its later constriction during the continued application of co appears 

be due to the direct effects of the fall in temperature on the arterj . 
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„„av. appear 

the minute pad vessels and does not involve the digital aiteij 
rise in finger temperature permits relaxation of this artery. ... , 

B. The effects of these reactions on the propagation of ^cy 

arterial system were studied by recording the pad pulses mth high frequencj 

galvanometers. ■ . 

Tn the usual experiment, the time relations and form of the pad J 

chilled finger ivere altered only moderately and in the direction ivluc h could be pre- 
Sed from the relative partJpation of the pad and digital arteries in the reactions 

In a few normal subjects, the reactive dilatation produced a pad pulse similar to 
that seen in chronic hypertension, thns suggesting that one of the factors responsib c 
for the change in pad pulse form in hypertension may be the shunting of blood 
through direct arterio-venous communications. 

L. W. Both. 


Montgomery, H.; The Effect of Drugs on the Circulation in Normal Hands and 
Peet. Am. J. hi. Sc. 203: 882, 1942. 

Measurements of digital blood flow were made in normal subjects given vaso- 
dilator drugs. Consideration was given to the normal factors influencing blood flow, 
i.e., food, environmental temperature, and exercise. The approximate effectiveness of 
various normal and operative procedures and drugs intended to increase peripheral 
blood flow are indicated. 

. A study of the influence of several promising drugs and other factors upon digital 
blood flow in normal subjects shows that digital blood flow is augmented by these 
agents in the following order of intensity: (1) lieat to the body sufficient to raise 
the body temperature slightly; (2) alcohol by mouth, such as whisky in doses of 
2 to 6 ounces; (3) food; (4) papaverine intravenously; and (o) mecholyl bj’ mouth. 
The approximated optimum doses and route.s of the drugs are given. 

Certain powerful vasodilator drugs decrease peripheral blood flow, probably because 
they have selective vasodilator action elsewhere or because they induce peripheral 
vasoconstriction by the carotid sinus reflex: amyl nitrite by inhalation, mecholyl 

(12 mg.), and doiyl by liypodermie (0.5 mg.). In these instances the blood pressure 
falls. 

Atjthok, 


Boyer, N. H., and White, P. D.: Eight-Upper-Quadrant Pain on Effort; An Early 
Symptom of Pailure of the Eight Ventricle. New England J. Med. 226: 217 


We have recently encountered 4 patients in whom right-upper-quadrant pai' 
preenprta ed by exertion and relieved by rest, has been the presenting symptor c 
early right-sided heart failure. It is evidently due to acute congestion of the livi 
and m comparable to dyspnea on effort in early left-sided heart failure. 

• of a group of 40 patients who already had clinicallv evidor 

Xf : “• •'» 


Authors 



Book Review 


Der Myokard Inparkt, Erkennung, Behanpeung und Verhutung, Bd.i Of 
Kreislaufbucherer (Deutsche Geseelschaft fur Kreiseaufforschung) : Bv 
Max Hochrein. Theo. Steinkopff, Dresden u. Leipzig, 1941, second edition, 278 
pages, 58 illustrations. 


This book brings before the American cardiologist the views of one of his best 
informed German colleagues. It cannot be recommended for the graduate student, 
for it fails to include many important recent contributions, and it accepts many 
points which are not generally accepted in this country. It clearly shows how 
quickly the chasm produced by the war has made itself felt, and also how rapidly 
our knowdedge in this field is growing. In some respects the book is already 
obsolete. 


A brief but comprehensive historical review is followed by a discussion of 
the incidence of mj’oeardial infarction and a good description of the anatomy and 
innervation of the coronary arteries and their normal physiologj'. In this field, 
the author has made notable contributions. He takes issue with Anrep, who 
states that systole acts as an impediment to the coronary circulation. He also 
discusses the lung as a physiological blood depot and reviews experimental coronary 
occlusion. 

The description of the pathological anatomy does not include the recently di- 
covered prodromal changes which occur in the wall of the artery and which are of 
fundamental importance for our understanding of the whole problem. 

The remaining three-quarters of the book contain the clinical aspects of the 
subject. The author places great emphasis on spasm as an immediate cause of 
coronary occlusion. He attributes this to a constitutional disturbance of the 
vegetative balance. As secondary causes he accepts focal infection (though without 
conclusive evidence), nicotine, coffee, and excitement. The part played by effort 
is uncertain. Although he quotes Master, Dack, and Jeffe’s analysis of activities 
associated with the onset of acute coronary occlusion he ignores their conclusions 
in his discussion. Among liis patients, the coincidence of diabetes and coronary 
occlusion is not increased. 

Hochrein concludes that myocardial infarction does not always result from 
coronary sclerosis and thrombosis, but often from a functional disturbance of the 
coronary circulation. 

There follows a discourse on the medicolegal aspects of myocardial infarction. 
Extraneous factors, e.g., excitement and sudden effort, are accepted as causing 
myocardial infarction. MHiile the author duly distinguishes between predisposing 
and precipitating factors, he further distinguishes between such precipitating 
factors as are peculiar to the patient’s occupation, and such as accidentally happen 
while the patient is at -work, e.g., climbing stairs or running to catch a streetcar. 
Compensation is not awarded in these cases. This section should be read by a 
interested in forensic cardiology. 

In the symptomatology the classical picture is sharply drawn and so are manj 
atypical ones. The author states (p. 202) that at the time the book was writ en 
no studies had been published tlirowing light on the prodromal symptoms ^ 
are so important in studying the pathogenesis of myocardial infarction. Tie c ^ 
leads have not been given the attention which we believe they deserve, nor is e 
time relationship between the symptoms and the electrocardiograpliic changes u y 
discussed. 
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